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COMPUTER SOFTWARE 


The successful operation of any process system depends on two functions - 
hardware and software. Hardware is the group of electronic components that acts 
physically upon information and signals from the process. That portion of soft- 
ware called the system program is the intelligence that instructs the computer 
hardware to step through the various cycles of the process. Other software 
packages aid in preparing the system program. General Electric process computer 


software: 


Facilitates a systematic approach in writing computer programs 


- sufficiently flexible to allow for future changes in user process 


Complete software packages for GE/PAC 4000 have been developed and are classi- 
fied into 3 categories: Language Processors, Standard On-Line Functions, and 


Program Debugging Aids: 


Language Processors 

» Translates functions into computer instructions 
Increases speed and accuracy in preparing programs 

e Aids in documentation and debugging of a program 


- Operate on GE/PAC 4000, GE 412 or GE 225 computer systems 


Process Assembler Language 

» Enables programmer to code program in systematic and well 
documented fashion. 

- Generates single and double precision constants to a specified 
scale factor. 

- Provides built-in check features which detect and notify programmer 


of coding errors. 


Portran II Compiler 

- Enables powerful algebraic and verbal statements to be written with 
minimum time and effort. 

- Permits experienced Fortran programmers to make easy transition to 
GE/PAC programming. 
Allows previously written Fortran programs to be adapted to the 


GE/PAC 4000. 
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Computer Software (Continued) 


Standard On-Line Functions 


Common routines suitable for numerous applications 
Require little or no re-work by user programmer 


Use of pre-checked routines eliminates programming and debugging time 


Monitor 

. Schedules and gives priority assignment to system functions 

. Enables user to have system running on-line in minimum of time 

. Provides communication between functions and peripheral equipment 


Math Routines 

é Includes fixed, floating, single and double precision math routines 
F Available from General Electric library to all GE/PAC 4000 users 

. GE/PAC 4000 users receive up-to-date abstracts of new routines as 


they are developed. 


Debugging Aids 


Debugging aids proven by field experience provide powerful means of 
keeping program documentation up to date. 
Debugging aids provide user with loader, dump, memory change, and 


trace routines. 


On-line debugging aids are plug-in package to Monitor. 
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STANDARD ON-LINE FUNCTIONS 


Standard on-line functions are portions of a total system program that are common 
from one computer application to another. Because they are used so frequently, 
optimum execution time and utilization of memory have been stressed in their deve lop- 
ment. For most applications the use of these functions require little or no re-work 
by user programmers. Use of these pre-checked routines eliminates programming and 


debugging time. 


MONITOR 

MONITOR provides the skeleton of a real-time program by scheduling and giving 
priority assignment to system functions. By using MONITOR the user is capable of 
having an on-line program running with minimum of time spent on the program. Ad- 
ditional functions can be added to MONITOR requiring no re-working of the running 


system. 


The routines that make up MONITOR are clear and well defined which makes for easy 
understanding of the system. The layout of the MONITOR package facilitates the 
addition of system functions by user programmers. The routines that comprise 
MONITOR are: 
Time and diagnostic count 
Executive control program 
Save registers routine 
Restore register routine 
Turn off program routine 
Set program delay 
Input-output drive 
Output program consisting of: 
Output subroutine 
Decimal floating point routine 
Decimal fixed point routine 
Octal conversion routine 
BCD conversion routine 
Build driver table routine 


Binary to decimal conversion subroutine 
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In addition to the above, MONITOR also includes the following two routines for 
core/drum GE/PAC 4000 computers: 
Drum transfer subroutine 


Drum transfer drive 


The Time and Diagnostic Count routine essentially performs two functions. The 

routine maintains the value of current time (in seconds) which is used by the Executive 
Program in determining execution time of the functional programs. The second function 
of this routine is to detect if certain peripheral devices such as typewriters, 
punches, etc. fail. This routine will usually turn on a corrective action function 


which initiates remedial action. 


The Executive Control Program (E.C.P.) is the real heart of the MONITOR system as it 
initiates functional programs according to their scheduled interval and priority. The 
ECP provides for easy writing and addition of function programs as it performs real- 
time housekeeping chores such as saving and reloading arithmetic and index registers. 
The number of functional programs that the ECP can manage is limited only by the com-~ 
puter core or drum size and the length of the individual functions. Most MONITOR 


systems allow 25 to 50 functional programs. 


To accomplish on-line requirements as they occur, the GE/PAC 4000 uses automatic 
priority interrupt which may interrupt a program at any time. Since the various 
registers (arithmetic, location counter, index) must be saved for the interrupted 
program, MONITOR provices the Save Register and Restore Register routines that user 


interrupt programs can use. 


To further reduce housekeeping chores of functional programs using MONITOR, Set 
Program Delay and Turn Program Off routines are supplied. These routines enable a 
user function to be initiated at a specified interval or be completely turned off 


until some exterior influence (such as a demand) re-initiates the function. 


The Input/Output program permits user functional programs to communicate with peri- 
pheral devices such as typewriters, readers, punches, etc. in an orderly, step-by-step 
fashion. The Input/Output program determines if the peripheral is available for use 
by the functional program, reserves the peripheral for the functional program, reads 
in or puts out data, and makes the peripheral free for other functions upon 


conclusion of the present function. The Input/Output program eliminates a large 
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amount of editing and bookkeeping that would be required if it were not available. 
The output portion of the program converts binary floating point to decimal fixed 
point output, binary fixed point to decimal fixed point output, binary to octal 
output, binary data to numeric and alphabetic character output. The Input/Output 
program operates the peripherals through automatic priority interrupt which insures 


the peripherals to operate at their maximum speed. 


For GE/PAC 4000 computers equipped with a magnetic drum memory, MONITOR also provides 
the transfer linkage for information flowing between core and drum. The user 

functional program simply uses the Drum Transfer Subroutine to initiate a transfer of 
information between core and drum. While the transfer is in progress, MONITOR initiates 
other functions that require action thereby permitting full utilization of the central 
processor. When the transfer is complete, the ECP will re-initiate the fundamental 
program that requested the transfer. Completion of a drum/core transfer is detected 

by automatic priority interrupt which insures that the date involved in the transfer 


is acted upon expeditiously by the function. 


MONITOR Compatible Functions 


MONITOR Compatible Functions are those functions that are developed for 
specific applications which may be used by other computer users. These 
routines are written in a general form so that they require a minimum of 
re-working to be suitable for similar other applications. Examples are 


scanning, alarming, conversion equations, demand print, etc. 


Math Routines 


Math Routines which are usually used in subroutine form include fixed point, single 
and double precision math functions. These routines are available from the General 
Electric Company library to all GE/PAC 4000 computer users. They may be obtained in 
punched card form, symbolic listing or paper tape where the General Electric Company 
will assemble the routines to fit the user parameters. Examples of those routines are 


square root, trigometric, exponential functions, etc. 
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LANGUAGE PROCESSORS | 


Language processors are those preparation aids that enable a programmer to 
translate a function into actual computer instructions. Use of a symbolic 
language greatly increases the speed and accuracy of preparing a program and 

also aids in the documentation and debugging of the program. To provide the 
programmer with the most effectual means of coding a program, the General Electric 
Company has developed two powerful language processors - Process Assembler 
Language and GE/PAC Fortran. These language processors are extremely flexible - 
providing for magnetic tape, paper tape, or punched card input. Additional 
service to the user has been provided as these processors operate on GE/PAC 4000, 
GE 412 or GE 225 computer systems. The GE 225 language processor version enables 
routines to be assembled or compiled at the various General Electric Information 


Processing Centers throughout the country and overseas. 


PROCESS ASSEMBLER LANGUAGE 

The Process Assembler Language accepts coded symbolic instructions and trans- 
lates them into computer instructions. These symbolic instructions are coded 
by the programmer on a coding sheet from which cards are punched when the 
coding is completed. The cards then may be read into the computer on which 


the Assembler Program is operating. 


The output from the Assembly Program is a listing from a printer or type- 
writer of the object program and a paper tape which is used to load the new 
program into the computer. In addition to this translation, the Assembler 
Program has built-in check features which detect and notify the programmer 
of coding errors. The listing provides documentation of the program and is 


invaluable as a debugging aid. 


An On-Line Process Assembler Language program accepts the same symbolic 
language as above and has the ability to assemble programs while the GE/PAC 
4000 is handling process data. Its advantage is that it can be used to 
assemble or re-assemble programs at the user site, and integrates them into 


the system with no interruption to process computing. 


The listing provides the symbolic instructions as coded and also the octal 


core locations, instructions and constants of the assembled program. For 
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Language Processors (Continued) 


further aid in debugging, the listing reproduces all comments from the coding 
sheet. Three columns of numbers represent: 

Core location 

Relative address 

Absolute address 
The Assembly Program makes maximum use of the relative addressing feature of 
the GE/PAC 4000. The Assembly Program assembles the operand value relative 
to the location of the instruction itself rather than the absolute value. 
With this feature, it is possible to move the program within memory, thereby 


adding a new dimension of flexibility to system program organization. 


In addition to the computer hardware instructions, the Assembly Program makes 
maximum use of pseudo instructions for storage assignments, symbol definition, 
and generation of constants to provide better programmer efficiency. These 

instructions include block storage reservation, single-and double-word float- 


ing constants, etc. 


GE/PAC FORTRAN Compiler 


To make the writing of new programs easy and efficient as possible, G.E. has 
created a Fortran Compiler for GE/PAC 4000. This compiler goes a step beyond 
the Process Assembler Language program in that it enables the programmer to 
write his program in terms of "statements" which employ familiar language and 
symbols rather than the symbolic code required by the Process Assembler 
Language. An example of such a statement might be: 

Y = A/B + C - SIN(D + E) 
where A, B, C, D and E are symbols which have been defined by the programmer 
in previous statements. A statement such as this, when presented to the 
Fortran Compiler, will cause the compiler to automatically generate all the 
step~by-step machine instructions necessary to perform the calculations 
called for in the statement. Thus, the programmer is freed from the time-~- 
consuming details of step-by-step programming and allowed to concentrate more 


fully on the problem at hand. 


In preparing the Fortran Compiler for the GE/PAC 4000, G.E. has incorporated 
several special features which facilitate the writing and running of programs 


in a real-time process control environment. 
wid a 
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Compatibility With Monitor 
The Compiler has been designed so that the programs it produces will have 
numerous special provisions for operation within the G.E. Monitor system. Thus, 


new programs may be easily incorporated into existing Monitor systems. 


Compatibility With Process Assembler Language 

The programmer is free to intermix GE/PAG Fortran statements with Process As- 
sembler Language statements within a single program. This allows the programmer 
to switch back and forth between the two languages arbitrarily, always free to - 
choose the language in which he can proceed more efficiently. Output from the 


compiler is in the form of Process Assembler Language Symbolic coding. 


Bit Manipulation Capability 

Special Fortran statements are available to the programmer through which he may 
exploit the ability of the GE/PAC 4000 to manipulate individual bits within a 
word. In this manner, individual bits may be treated as separate variables and 


may be set, reset, tested, and operated upon with Boolean algebraic expressions. 


Drum~Core Transfers 
Transfers of information between drum storage and core storage may be imple- 
mented through the Fortran Compiler by means of special statements provided for 


this purpose. 


Memory Economy 

The Compiler has been designed so that the programs which it produces will 
require a minimum of memory space. This conservation of memory can mean 
increased flexibility during future additions of modifications of programs in 


cases where it is not desired to increase the memory size of the machine. 


Floating Point Operation 
The Fortran Compiler will accept data in either integer or floating point form, 


and programs produced by the Compiler may be made to output data in either form. 


Statement Repertory 


A large repertory of allowed statements, plus a full complement of "Library" 
subroutines, makes for ease and flexibility in programming with the Fortran 


Compiler. 


awe 


GENERAL @ ELECTRIC PROCESS COMPUTERS 


DEBUGGING AIDS 


Field experience has shown that debugging aids provide a powerful means of 
updating program documentation which leads to a successful program. To this 
end, General Electric has developed extremely useful debugging aids, both 


on- and off-line. 


Debugging aids are used by the programmer to check the operation of progress 
for their correctness. Program loaders provide the means of load programs or 
data into computer storage through card or paper-tape readers. Conversely, 
the dump program is used to record the contents of computer memory, either 


through the typewriter or paper-tape punch. 


The Memory Change program provides the means for changing the contents of a core 
or drum location through the computer console switches. Documentation showing 
the location, contents before the change, and contents after the change are typed 
out on the console typewriter. The memory change program has the added facility 


of displaying the location and its contents before the change is executed. 


The on-line debugging routines enable unchecked routines to be debugged on the 
computer without interrupting normal process monitoring and control. Safeguards 
are built into these on-line debugging aids to guard against unchecked programs 


destroying operating programs. 
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FUNCTIONAL DESCRIPTION - GE/PAC SOFTWARE 


A. 


SECTION IV 


FUNCTIONAL DESCRIPIION ~ GE/PAC SOFTWARE 


GENERAL 


The successful operation of any process system depends on two functions = 
hardware and software. Hardware is the group of electronic components that 
acts physically upon information and signals from the processes. That por. 
tion of software called the system program is the intelligence that instructs 
the computer hardware to step through the various cycles of the processes. 
Other software packages aid in preparing the system program. General Electric 


process computer software: 


fe) Facilitates a systematic approach in writing computer programs, 
fo) Sufficiently flexible to allow for future changes in user 
processes, 


Complete software packages for GE/PAC 4000 have been developed and are 
classified into 3 categories: Language Processors, Standard On-Line 
Functions, and Program Debugging Aids: 

ie language Processors 

Translates functions into computer instructions, 

Increases speed and accuracy in preparing program, 

Aids in documentation and debugging of a program, 

Operate on all GE/PAC 4000 Central Processors. 


Oo OO OO O 


(a) Process Assemble Language 
o Enables programmer to code program in systematic and 
well documented fashion, 
o Generates single and double precision constants to a 
specified scale factor, 
o Provides built-in check features which detect and 


notify programmer of coding errors. 
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(b) Fortran Compiler 


O 


Enables powerful algebraic and verbal statements to 
be written with minimum time and effort. 

Permits experienced Fortran programmers to make easy 
transition to GE/PAC programming. 

Allows previously written Fortran programs to be 


adapted to the GE/PAC 4000 series process computers. 


2. Standard On-Line Functions 


O 


O 


10) 


Common routines suitable for numerous applications. 


Require little or no re-work by user programmer. 


Use of pre-checked routines eliminates programming and debugging 


time. 


(a) Monitor 


oO 


Schedules and gives priority assignment to system 
functions. 

Enables user to have system running on-line in minimum 
time. 

Provides communication between functions and peripheral 


equipment. 


(b) Math Routines 


O 


Includes fixed, floating, single and double precision 
math routines. 

Available from General Electric library to all GE/PAC 
OOO users. 

Assembled by General Electric to fit user routine 
parameters. 

GE/PAC 4000 users receive up-to-date abstracts of new 


routines as they are developed. 
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(c) Free Time System 
o Real time language processing. 
o Real time debugging. 
o Use of functional programs in a real time environ- 
ment « 
o Allows 100 percent usage of computer arithmetic and 


logic capabilities. 


3 Debugging Aids 
o Debugging aids proven by field experience provide 
powerful means of keeping program documentation up 
to date. 
o Debugging aids provide user with loader, dump, memory 
change, and trace routines. 


o On-line debugging aids are a plug-in package to Monitor. 
LANGUAGE PROCESSORS 


language processors are those preparation aids that enable a programmer 

to translate a function into actual computer instructions. Use of a sym- 
bolic language greatly increases the speed and accuracy of preparing a 
program and also aids in the documentation and debugging of the program. 

Io provide the programmer with the most effectual means of coding a program, 
the General Electric Company has developed two powerful language processors ~ 
Process Assembler Language and Fortran IIT. These language processors are 
extremely flexible ~ providing for magnetic tape, paper tape, or punched 

card input, Additional service to the user has been provided as these pro- 
cessors operate on GE/PAC 4000, GE 412 or GE 225 computer systems, The 

GE 225 Ianguage Processor version enables routines to be assembled or coma 
piled at the various General Electric Information Processing Centers through- 


out the country and overseas. 
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Process Assembler Language 


The Process Assembler Language accepts coded symbolic instructions and 
translates them into computer instructions, These symbolic instruc- 
tions are coded by the programmer on a coding sheet from which cards 
are punched when the coding is completed, The cards then may be read 


into the computer on which the Assembler Program is operating. 


The output from the Assembly Program is a listing from a printer or 
typewriter of the object program and a paper tape which is used to load 
the new program into the computer. In addition to this translation, 
the Assembler Program has built-in check features which detect and 
notify the programmer of coding errors. The listing provides documen- 


tation of the program and is invaluable as a debugging aid, 


An On-line Process Assembler Language program accepts the same symbolic 
language as above and has the ability to assemble programs while the 
GE/PAC 4000 is handling process data. Its advantage is that it can be 
used to assemble or re-assemble programs at the user site, and inte- 


grates them into the system with no interruption to process computing. 


The listing provides the symbolic instructions as coded and also the 
octal core locations, instructions and constants of the assembler 
program, For further aid in debugging, the listing reproduces all 
comments from the coding sheet. Three columms of numbers represent: 
Core location 
Relative address 


Absolute address 


The Assembly Program makes maximum use of the relative addressing fea- 
ture of the GE/PAC 4000. The Assembly Program assembles the operand 
value relative to the location of the instruction itself rather than 
the absolute value. With this feature, it is possible to move the 


program within memory, thereby adding a new dimension of flexibility 
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to system program organization. In addition to the computer hardware 
instructions, the Assembly Program makes maximum use of pseudo in- 
structions for storage assignments, symbol definition, and generation 
of constants to provide better programmer efficiency. These instruc- 
tions include block storage reservation, single and double word 


constants, single and double word floating constants, etc. 
FORTRAN Compiler 


To make the writing of new programs as easy and efficient as possible, 
G.E, has created a Fortran Compiler for GE/PAC 4000. This compiler 
goes a step beyond the Process Assembler Language program in that it 
enables the programmer to write his program in terms of "statements" 
which employ familiar language and symbols rather than the symbolic 
code required by the Process Assembler Ianguage. An example of such is: 
Y = A/B + C ~ SIN (D + E) | 
where A, B, C, D, and E are symbols which have been defined by the pro- 
grammer in previous statements. A statement such as this, when presented 
to the Fortran Compiler, will cause the compiler to automatically 
generate all the step-by-step machine instructions necessary to perform 
the calculations called for in the statement. Thus, the programmer is 
freed from the time-consuming details of step-by-step programming and 


allowed to concentrate more fully on the problem at hand. 


In preparing the Fortran Compiler for the GE/PAC 4000, GeE. has incor 
porated several special features which facilitate the writing and 


running of programs in a real-time process control environment « 


(a) Compatibility with Monitor 
The compiler has been designed so that the programs it pro- 
duces will have numerous special provisions for operation 
within the GeH, Monitor system. Thus, new programs may be 


easily incorporated into existing Monitor systems, 
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(b) 


(ec) 


(d) 


(f) 


Compatibility with Process Assembler language 


The programmer is free to intermix Fortran statements with Process 
Assembler Language statements within a single program. This 
allows the programmer to switch back and forth between the two 
languages arbitrarily, always free to choose the language in which 
he can proceed more efficiently. Output from the compiler is in 


the form of Process Assembler Language Symbolic coding. 


Bit Manipulation Capability 

Special Fortran statements are available to the programmer through 
which he may exploit the ability of the GE/PAC 4000 to manipulate 
individual bits within a word. In this manner, individual bits 
may be treated as separate variables and may be set, reset, tested 


and operated upon with Boolean algebraic expressions, 


Drum-Core Transfers 
Transfers of information between drum storage and core storage 
may be implemented through the Fortran Compiler by means of special 


statements provided for this purpose. 


Memory Economy 

The Compiler has been designed so that the programs which it pro- 
duces will require a minimum of memory space. This conservation 
of memory can mean increased flexibility during future additions 
of modifications of programs in cases where it is not desired to 


increase the memory size of the machine. 


Floating Point Operation 
The Fortran Compiler will accept data in either integer or float- 
ing point form, and programs produced by the Compiler may be made 


to output data in either form. 
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(g) Statement Repertoire 
A large repertoire of allowed statements, plus a full complement 
of "library" subroutines, makes for ease and flexibility in pro- 


gramming with the Fortran Compiler. 


Standard oneline functions are portions of a total system program that are 
common from one computer application to another. Because they are used so 
Frequently, optimum execution time and utilization of memory have been 
stressed in their development. For most applications, the use of these 
funetions require little or no re-work by user programmers. Use of these 


pre-~checked routines eliminates programming and debugging time. 


1. MONITOR 
MONITOR provides the skeleton of a real time program by scheduling and 
giving priority assignment to system functions. By using MONITOR the 
user is capable of having an on-line program running with minimum of 
time spent on the program. Additional functions can be added to 
MONITOR requiring no re-working of the running system. 


The routines that make up MONITOR are clear and well defined, which 
makes for easy understanding of the system. The layout of the MONITOR 
package facilitates the addition of system functions by user pro- 
grammers, The routines that comprise MONITOR are: 

(a) Time and diagnostic cout. 

(b) Executive control program. 

(ec) Save register routine. 

(d) Restore register routine. 

(e) Turn off program routine. 

(fF) Set program delay . 

(zg) Input/Output drive. 
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(nh) Output program consisting of: 
Output subroutine 
Decimal floating point routine 
Decimal fixed point routine 
Octal conversion routine 
BCD conversion routine 
Buiid driver table routine 


Binary to decimal conversion subroutine 


In addition to the above, MONITOR also includes the following two 
routines for core/drum GE/PAC 4000 computers: 
Drum transfer subroutine 


Drum transfer drive 


The Time and Diagnostic Count routine essentially performs two 
functions. The routine maintains the value of current time (in 
seconds) which is used by the Executive Program in determining execu- 
tion time of the functional programs, The second function of this 
routine is to detect if certain peripheral devices such as typewriters, 
punches, etc. fail, This routine will usually turn on a corrective 


action function which initiates remedial action, 


The Executive Control Program (E.C.P,) is the real heart of the 

MONTTOR system as it initiates functional programs according to their 
scheduled interval and priority. The ECP provides for easy writing 

and addition of functional programs as it performs real-time house- 
keeping chores such as saving and reloading arithmetic and index 
registers, The number of functional programs that the ECP can manage 

is limited only by the Computer core or drum size and the length of 

the individual functions. Most MONITOR systems allow 25 to 50 function- 


al programs » 


IV - 8 


To accomplish on-line requirements as they occur, the GE/PAC 4000 
uses automatic priority interrupt which may interrupt a program at 
any time. Since the various registers (arithmetic, location counter, 
index) must be saved for the interrupted program, MONITOR provides 
the Save Register and Restore Register routines that user interrupt 


programs can uS€>. 


To further reduce housekeeping chores of functional programs using 
MONITOR, Set Program Delay and Turn Program Off routines are supplied. 
These routines enable a user function to be initiated at a specified 
interval or be completely turned off until some exterior influence 


(such as a demand} re-initiates the function. 


The Tnput /Output program permits user functional programs to communi- 
cate with peripheral devices such as typewriters, readers, punches, 
etc. in an orderly, step-by-step fashion. The Input/Output program 
determines if the peripheral is available for use by the functional 
program, reserves the peripheral for the functional program, turns 
power on the peripheral, reads in or puts out data, and makes the 
peripheral free for other functions upon conclusion of the present 
function, The Tnput /Output program eliminates a large amount of edit- 
ing and bookkeeping that would be required if it were not available, 
The output portion of the program converts binary floating point to 
decimal fixed point output, binary fixed point to decimal fixed point 
output, binary to octal output, binary data to numeric and alphabetic 
character output, The Input /Output program operates the peripherals 
through automatic priority interrupt which insures the peripherals to 


operate at their maximum speed. 


For GE/PAC 4000 computers equipped with a magnetic drum memory, 
MONITOR also provides the transfer linkage for information flowing 
between core and drum. The user functional program simply uses the 
Drum Transfer Subroutine to initiate a transfer of information between 


core and drum. While the transfer is complete, the ECP will re-initiate 
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the functional program that requested the transfer. Completion of a 
drum/core transfer is detected by automatic priority interrupt which 
insures that the data involved in the transfer is acted upon expe- 


ditiously by the function. 


MONITOR Compatible Functions 


MONITOR Compatible Functions are those functions that are de- 
veloped for specific applications which may be used by other 
computer users, These routines are written in a general form 
so that they require a minimum of re-working to be suitable for 
Similar other applications. Examples are scanning, alarming, 


conversion equations, demand print, etc. 


MATH ROUTINES 


Math Routines which are usually used in subroutine form include fixed 
point, single and double precision math functions. These routines are 
available from the General Electric Company library to all GE/PAC 4000 
computer users. They may be obtained in punched card form, symbolic 

listing or paper tape where the General Electric Company will assemble 
the routines to fit the user parameters. Examples of those routines 

are square root, trigometric, exponential functions, etc. GE/PAC 4000 


users receive up-to-date abstracts of each routine as it is developed. 


FREE TIME SYSTEM 


The combined purpose of the Free-Time and Language Processing and De. 
bugging Systems is to provide the user with the ability to compile, 


test, and execute functional programs in a real-time environment, 


Existing service programs may be initiated by a control card, New 
programs may be tested and entered into the overall system in easy 
stages starting with an untested program and arriving at an operating 


real-time program. 
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The system provides "load and go" or "compile and go" with 
debugging at the symbolic level using the names of FORTRAN 
variables. The dynamic relocation of programs and allocation 
of storage frees the programmer from any concern other than the 


successful compilation and testing of his program. 


GE/PAC 4000 LIBRARY PROGRAMS JANUARY 1966 


LIB. PROGRAM TITLES 
CTL: kk KK KR 
NO. 


KKK KK KK KKK KK KKK KKK KK KEK KEK KKK KKK KKK KK 


PROGRAM CLASSIFICATION -(A)- SERVICE ROUTINES, LOADERS, DUMPS, OPERATOR 
PROGRAMS , MAGNETIC TAPE HANDLING SYSTEMS, ETC. 


kk KK KKK KR KKK KKK KEK KKK KKK KKK KKK KKK KKK SE 


YPAOQ1] LDR41-GE/PAC LOADER PACKAGE . 

YPAO3 BTS41-GE/PAC PROG. LOAD RIN. PERIPH BUFF NO. 4200/4201 
YPAO4 BTS42-GE/PAC PROG. LOAD RTN. PERIPH BUFF NO. 4201 
YPAO5 DUP41-PAPER TAPE DUPLICATOR - OFF LINE 

YPAO6 DUP42-PAPER TAPE DUPLICATOR - ON LINE, MONITOR I 
YPAO8 CLK41-ON LINE CLOCK, MONITOR I 

YPAO9 POS41-PERIPHERAL IN/OUT OF SERVICE, MONITOR I 

YPA10 PST41-PROGRAM STATUS, MONITOR I 

YPA13 MCG42-MEMORY CHANGE W/PCH OPTION, MONITOR I 

YPA17 POS42-PERIPHERAL IN/OUT OF SERVICE, MONITOR II 

YPA18 PST42-PROGRAM STATUS, MONITOR II 

YPA19 CLK42-ON CLOCK, MONITOR II 

YPA20 OPR41-ON LINE OPERATOR PROGRAM, MONITOR I - REF YPG28 
YPA21 OPR42-ON LINE OPERATOR PROGRAM, MONITOR II - REF YPG29 
YPA22 MCG43-MEMORY CHANGE - ON LINE - I/O TYPER, MONITOR II 
YPA24 MCG44-MEMORY CHANGE WITH PCH OPTION, MONITOR II 

YPA25 DUP44-PAPER TAPE DUPLICATOR - ON LINE - MONITOR II 
YPA26 OPR43-ON LINE OPERATOR PROGRAM - I/0 TYPER 

YPA27 DUP43-PAPER TAPE DUPLICATOR - 1/0 TYPER 

YPA28 OLD41-ON LINE DUMP, MONITOR I 

YPA29 OLD42-ON LINE DUMP, MONITOR II 

YPA30 DMP41-OFF LINE DUMP, ALL CORE 

YPA31 DMP42-OFF LINE DUMP, DRUM-CORE 

YPA32 LDR43-ON LINE PAPER TAPE LOADER - I/O TYPER 

YPA33 OLD43-ON LINE PAPER TAPE DUMP - I/O TYPER 

YPA34 CMC41-CONSOLE SWITCH DRUM/CORE MEMORY CHANGE - OFF LINE 
YPA42 PRT41-PRINTER HEADING SUBROUTINE MONITOR IV 

YPA46 CLK43-ON-LINE CLOCK - I/Q TYPER 

YPA47 CDP41-OFF-LINE COMPARE DUMP 

YPA50 DSN41-DEMAND SCAN (PRELIMINARY ) 

YPA51 CCG41-CONTROLLER CHANGE (PRELIMINARY) 
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PROGRAM CLASSIFICATION -{C)- MATH ROUTINES FLOATING POINT TRANSCENDENTALS, 
CURVE FITTING, SPECIAL FORMULAS, ETC. 
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YPCO1 GMR41-GE/PAC MATH ROUTINES - FLOATING POINT 

YPCO2 GMR42-GE/PAC MATH ROUTINES-FIXED POINT (ONLY SQRT AVAIL) 
YPCO3 GCC41-GE/PAC CODE CONVERSION ROUTINES 

YPCO4 FLR41-FORTRAN LIBRARY ROUTINES (FLOW CHARTS YPCO1) 

YPCO5 FLR42-DBL.WD.FL.PT. FORTRAN LIBRARY (FLOW CHARTS YPCO7) 
YPCO7 GMR43-GE/PAC MATH ROUTINES - DBL WD - FL.PT. 

YPCO8 TPS41-THERMODYNAMIC PROPERTIES OF STM(SUPERHEATED)-PKG 1 
YPCO9 TPS42-THERMODYNAMIC PROPERTIES OF STM(SATURATED)-PKG 2 
YPC10 TPS43-THERMODYNAMIC PROPERTIES OF STM(COMPRESSED)-PKG 3 
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PROGRAM CLASSIFICATION -(E)- GENERALIZED SYSTEMS MONITORS, PERIPHERAL I/0 
+ OTHER HARDWARE COMMUNICATION REGISTER DRIVER 
PROGRAMS, SIMULATORS, ETC. 
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YPEO2 SIMO2-GE/PAC SIMULATOR ON GE412 

YPEQ3 SBM41-FORTRAN SUB-MONITOR, PERMANENT CORE 

YPEO4 SIMO3-GE/PAC SIMULATOR ON THE GE225 

YPEO5 SBM42-FORTRAN SUB-MONITOR, DRUM-CORE (FLOW CHART YPEO3) 
YPEO7 CAL41-CALENDAR PROGRAM 

YPEO8 -MONITOR I COMPATIBLE PROGRAMS - REF YPEI0,YPGI3 
YPE10 MTR41-GE/PAC 4000 MONITOR I - ALL CORE - REF YPGI3 
YPE11 ECP41-EXECUTIVE CONTROL PROGRAM, MONITOR I 

YPE12 ITC41-TIME AND DIAGNOSTIC COUNT, MONITOR I 

YPE13 I0D41-INPUT/OUTPUT DRIVER, MONITOR I AND II 

YPE14 IOP41-QUTPUT PROGRAM, MONITOR I 

YPE15 INP41-INPUT SUBROUTINE AND PROGRAM, MONITOR I 

YPE16 SRG41-SAVE REGISTERS SUBROUTINE, MONITOR I 

YPE17 RRG41-RESTORE REGISTERS SUBROUTINE, MONITOR I 

YPE18 OFF41-TURN PROGRAM OFF SUBROUTINE, MONITOR II 

YPE19 DEL41-SET PROGRAM DELAY SUBROUTINE, MONITOR I 

YPE20 OUT41-OUTPUT SUBROUTINES, MONITOR I 

YPE21 TPN41-TURN PROGRAM ON SUBROUTINE, MONITORS I,I1I,1II,IV 
YPE22 PR141-PRIORITY CHANGE STORAGE SUBRTN., MONITOR I,I1 
YPE23 CAD41-CORRECTIVE ACTION DIAGNOSTIC, MONITOR I 

YPE24 MOR41-MULTIPLE QUTPUT REQUEST SUBRTN., MTRS I,II,III,1V 
YPE25 MDR41-MULTIPLE OUTPUT DIST. DRIVER, MTRS I,II,II1I,IV 
YPE27 SND41-SCAN DRIVER, MONITOR I 


YPE29 PAV41-PERIPHERAL AVAILABILITY SUBRTN., MTR. I,II,III,IV 
YPE30 IOP43-QUTPUT PROGRAM ~ 1/0 TYPER 

YPE32 INZ41-INITIALIZE ROUTINE, MONITOR ¢ 

YPE33 IOD 43-INPUT/OQUTPUT DRIVER - 1/0 TYPER, MONITOR II 
YPE34 OPR43-ON-LINE OPERATOR PROGRAM I/O TYPER DRUM/CORE 
YPE35 TCO41-TIMED CONTACT OUTPUT REQUEST SR, MTR. I,II,III,IV 
YPE36 TCD41-TIMED CONTACT OUTPUT DRIVER MONITOR I,II,III,IV 
YPE37 INS42-INPUT REQUEST SUBRIN., BUFFERED INPUT, MIR II 
YPE38 INP43-INPUT PROGRAM - I/O TYPER, MONITOR II 

YPE39 ITC42-TIME AND DIAGNOSTIC COUNT, MONITOR II 

YPE40 MAP41-CORE MAP MAINTENANCE SUBROUTINE, MONITOR II 
YPE41] MTR42-GE/PAC 4000 MONITOR II, DRUM-CORE, REF YPG15 
YPE42 ECP42-EXECUTIVE CONTROL PROGRAM, MONITOR II 

YPE43 DTR41-DRUM TRANSFER REQUEST SUBRTN, MONITOR II,IV 
YPE44 DTD41~DRUM TRANSFER DRIVER, MONITOR TI 

YPE45 I0P42-QUTPUT PROGRAM, MONITOR [1 

YPE46 CAD42-CORRECTIVE ACTION, MONITOR II 

YPE47 INP42-INPUT SUBROUTINE, MONITOR II 

YPE48 OUT42-OUTPUT REQUEST SUBRIN., MONITOR II,IV 

YPE49 SND42-SCAN DRIVER SUBRTIN , MONITOR II 

YPE50 DEL42-SET PROGRAM DELAY SUBROUTINE, MONITOR II,IV 
YPE53 OFF42-TURN PROGRAM OFF, MONITOR [1,1V 

YPE54 SRG42-SAVE REGISTERS SUBRTIN., MONITOR II 

YPE55 RRG42-RESTORE REGISTERS SUBRIN., MONITOR II 

YPE56 INZ42-INITIALIZE ROUTINE, MONITOR II,IV 

YPEo? -MONITOR If COMPATIBLE PROGRAMS - REF YPE41,YPGI15 
YPE58 CAD43-CORRECTIVE ACTION DLAGNOSTIC - 1/0 TYPER 

YPE59 OUD43-OUTPUT DRIVER - I/0 TYPER 

YPE63 INS41-INPUT SUBROUTINE, MONITOR II 

YPE64 FMR41-FIND/RESTORE WORKING CORE AREA SUBRIN. MIR II,IV 
YPE75 MTR44-GE/PAC AU2 MONITOR IV 

YPE76 ECP44-EXECUTIVE CONTROL PROGRAM, MONITOR IV 

YPE77 ITC44-TIME AND DIAGNOSTIC COUNT, MONITOR IV 

YPE78 SRG44-SAVE REGISTERS SUBRIN., MONITOR IV 

YPE79 RRG44-RESTORE REGISTERS SUBRTN., MONITOR IV 

YPE80 MAP44-CORE MAP MAINTENANCE PROGRAM, MONITOR IV 

YPE81 DTD44-DRUM TRANSFER DRIVER, MONITOR IV 

YPE82 FRP44-FIND REGISTER POINTER, MONITOR IV 

YPE83 IOP44-QUTPUT PROGRAM, MONITOR IV 

YPE84 IND44-INPUT DRIVER, MONITOR IV 

YPE85 QUD44-OUTPUT DRIVER, MONITOR [V 

YPE86 SND44-SCAN DRIVER, MONITOR IV 

YPE87 CAD44-CORRECTIVE ACTION DIAGNOSTIC, MONITOR IV 

YPE88 OFF44-TURN PROGRAM OFF SUBROUTINE, MONITOR IV 

YPE89 -MONITOR IV COMPATIBLE PROGRAMS - REF YPE75,YPG18 
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PROGRAM CLASSIFICATION -(F)- LANGUAGE PROCESSORS TRANSLATORS, ASSEMBLERS, 
COMPILERS, INTERPRETERS, SPECIAL SERVICE 
ROUTINES FOR LANGUAGE PROCESSORS - ETC. 
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YPFO1 PAL41-PAL/412 ASSEMBLER 
YPFO2 PAL42-PAL 2K GE/PAC ;.2S"°7.__,, ~ OFF LINE 
YPFO3 PAL43-PAL 4K GE/PAC ASSEMBLER - OFF LINE 


oe z= 


YPFO4 PAL44-PAL GE/PAC ASSEMBLER DRUM/CORE ON LINE 
YPFO5 PAL45-PAL/225 ASSEMBLER 

YPFO7 CPT42-BINARY CARD TO PAPER TAPE TRANSLATOR-225 
YPFO8 COR41-PAL CORRECTION PROGRAM - OFF LINE 

YPFO9 COR42-PAL CORRECTION PROGRAM - ON LINE 

YPF10 XLT41-EXTRACT LOAD TAPE - OFF LINE 

YPF11 XLT42-EXTRACT LOAD TAPE - ON-LINE 

YPF12 FTN41-GE/PAC FORTRAN . MPILER-412 

YPF13 FTIN42-GE/PAC FORTRAN-PAL COMPILER/ASSEMBLER-225 
YPF14 FTN43-GE/PAC FORTRAN COMPILER - OFF-LINE 

YPF15 FIN44-GE/PAC FORTRAN COMPILER - ON LINE 

YPF16 FTN45-DBL WD. FL. PT. GE/PAC FORTRAN COMPILER-412 
YPF17 PTPO1-PAP TO PAL TRANSLATOR-412 

YPF18 TASO3-GE/PAC TASC (OPERATES ON 412 ONLY) 

YPF19 CCP41-CARD CO..Vv.-12 BIT BINARY TO GE/PAC INTERNAL CODE 
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PROGRAM CLASSIFICATION -(G)- SPECIAL PROJECTS REPORTING 
SYSTEMS, MANUALS 
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YPG10 GE/PAC 4000 INSTRUCTION REFERENCE MANUAL 

YPGI1 GE/PAC 4000 PROGRAMMING TECHNIQUES MANUEL 

YPGI2 GE/PAC 4000 PROCESS ASSEMBLER LANGUAGE (PAL) 

YPG13 GE/PAC 4000 MONITOR I USERS MANUAL - ALL CORE -AU1 
YPG14 GE/PAC 4000 FORTRAN REFERENCE MANUAL 

YPG15 GE/PAC 4000 MONITOR II USERS MANUAL-DRUM/CORE AUI 
YPG16 GE/PAC 4000 MTR I ALL CORE AU] COLLECTION W-U, FC 
YPGI7 GE/PAC 4000 MONITOR II D/C AUI COLLECTION W-U, FC 
YPGI8 GE/PAC 4000 MONITOR IV USERS MANUAL (SUPERSEDED BY YPG31) 
YPG19 GE/PAC 4000 FREE TIME SYSTEM USERS MANUAL 

YPG28 GE/PAC 4000 OPERATOR CONSOLE MANUAL OPR41 ,YPA20 
YPG29 GE/PAC 4000 OPERATOR CONSOLE MANUAL OPR42,YPA2 1] 
YPG30 GE/PAC 4000 DOUBLE-WORD FORTRAN REF MANUAL, YPFI6 
YPG3] GE/PAC 4000 MONITOR TRAINING MANUAL 

YPG35 GE/PAC OCT.FL.PT.SIN.REG.-DEC.FT.PT.CONV. TABLES 
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PROGRAM CLASSIFICATION -(Q)- QUASI PACKAGES EACH DIFFERENT COMBINATION OF 
QUASI S WILL BE SEPARATELY + UNIQUELY NUMBERED 
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YPQO1 QUA41-GE/PAC 4040 QUASI INST. S.R. PKG / W/ MPY STEP 
YPQO2 QUA42-GE/PAC 4040 QUASI INST. S.R. PKG 2 NON-MPY STEP 
YPQ03 QUA43-GE/PAC 4040 QUASI PKG. DBL. WD. FL. PT.-MPX STEP 
YPQO4 PLA41-PARTIAL WORD FIXED POINT ARITH. PKG. 1 

YPQO5 QUA44-SINGLE WORD FL. PT. QUASI FOR AU2 - REF YPGIO 
YPQO6 QUA45-DOUBLE WORD FL. PT. QUASI FOR AU2 
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PROGRAM CLASSIFICATION -R- MANUAL INPUTS - OPERATOR PANEL AND OTHER DECADE 
SWITCH PROGRAMS, DFS INPUTS, CARD INPUTS (CUSTOM 
ORIENTED, NOT STANDARD FORMATTED SERVICE USF). 
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YPR33 ADS41-ANALYZE DECADE SWITCH SETTING SUBROUTINE 


KK Kk Re RK KK KR KR KR KK KKK KKK KK KEK KEK KEKE KK KKK KK KK 


PROGRAM CLASSIFICATION -T- TRACKING ANALOG SCANNING PLANT MONITORING, 
(T) PROCESS OR UNIT TRACKING, ETC. 
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YPTO6 SCR41-SCAN REQUEST SUBROUTINE, MONITOR I 
YPT11 SCR42-SCAN REQUEST SUBROUTINE, MONITOR II 
YPT15 SCR44-SCAN REQUEST SUBRTN., MONITOR IV 
YPT37 SCF41-SCAN OFFSET PROGRAM, MONITOR I 
YPT59 SCF42-SCAN OFFSET PROGRAM, MONITOR II,IV 
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STANDARD ON-LINE FUNCTIONS 


Standard on-line functions are portions of a total System program that are common 
from one computer application to another. Because they are used so frequently, 
optimum execution time and utilization of memory have been stressed in their develop- 
ment. For most applications the use of these functions require little or no re-work 


by user programmers. Use of these pre-checked routines eliminates programming and 


debugging time. 


MONITOR 

MONITOR provides the skeleton of a real-time program by scheduling and giving 
priority assignment to system functions. By using MONITOR the user is capable of 
having an on-line program running with minimum of time spent on the program. Ad- 
ditional functions can be added to MONITOR requiring no re-working of the running 


system. 


The routines that make up MONITOR are clear and well defined which makes for easy 
understanding of the system. The layout of the MONITOR package facilitates the 
addition of system functions by user programmers. The routines that comprise 
MONITOR are: 
Time and diagnostic count 
Executive control program 
Save registers routine 
Restore register routine 
Turn off program routine 
Set program delay 
Input-output drive 
Output program consisting of: 
Output subroutine 
Decimal floating point routine 
Decimal fixed point routine 
Octal conversion routine 
BCD conversion routine 
Build driver table routine 


Binary to-decimal conversion subroutine 
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PROCESS COMPUTERS 


SOFTWARE SPECIFICATIONS 


Object Computer: GE/PAC 4000 


PROCESS ASSEMBLER LANGUAGE 
Compiling Computer: 


Input: 
Memory Requirement: 


Peripheral Equipment: 


Compiling Computer: 
Input: 
Memory Requirement: 


Peripheral Equipment: 


Output: 
FORTRAN II COMPILER 


Compiling Computer: 


Input: 
Memory Requirement: 


Peripheral Equipment: 


Output: 


Compiling Machine: 
Input: 
Memory Requirement: 


Peripheral Equipment: 


Output: 


GE 215, GE 225, GE 235, GE 412 


Punched Card or Magnetic Tape 

8K Core 

Console Typewriter 

High-Speed Printer 

Card Reader or Magnetic Tape Units 
Paper Tape Punch! 


GE/PAC 4000 


Punched Cards or Paper Tape 

2 = 4K Core (Off-line) 

2K Core plus 6K Drum (On-line) (in 
addition to process memory re- 
quirements ) 

Card and Paper Tape Reader 

Console Typewriter or Printer 

Paper Tape Punch 


Paper Tape and Program Listing 


GE 215, GE 225, GE 235, GE 412 


Punched Cards or Magnetic Tape 
8K Core 

Card Reader 

Console Typewriter 

Card Punch 

High-Speed Printer 

Magnetic Tape 


Punched Cards and Program Listing 
(Output is in Process Assembler Language 
format ) 


GE/PAC 4000 


Paper Tape 

8K Core (Off-line) 

4K Core plus 8K Drum (On-line) 
Paper Tape or Card Reader 
Paper Tape or Card Punch 
Console Typewriter 

High~Speed Printer (Option) 


Paper Tape or Cards and Program Listing 
(Output is in Process Assembler Language 
format ) 


Mnemonics 


MAQ 
OOM 
STA 
STQ 


GROUP 
ADD 


SRA 
SUB 


GROUP 


FAD 
FSU 
FMP 
FDV 
FIX 
FLO 


GROUP 


ANA 
ANM 
CPL 
DLL 
DRC 
DRL 
ERA 
ERM 
ORA 
ORM 
SLL 
SRG 
SRL 


GROUP 


CBK 
IBK 
LBM 
RBK 
SBK 


Description 


Move A Into Q 
Operate On Memory 
Store Contents of A 
Store Contents of Q 


V Fixed Point Arithmetic 


Add 

Add K to A 

Add A to Memory 

Add One to Bit K 
Double Add 

Double Left Arithmetic 
Double Right Arithmetic 
Double Subtract 

Divide 

Multiply 

Negate 

Shift Left Arithmetic 
Shift Right Arithmetic 
Subtract 


VI Floating Point Arithmetic 


VII Word Logic 


VIII Bit Logic 


Flaoting Point Add 
Floating Point Subtract 
Floating Point Multiply 
Floating Point Divide 
Fix Floating Number 
Float. Fixed Number 


Add to A 

Add to Memory 
Complement A 

Double Left Logical 
Double Right Circular 
Double Right Logical 
Exclusive Or to A 
Exclusive Or to Memory 
Or to A 

Or to Memory 

Shift Left Logical 
Shift Right Circular 
Shift Right Logical 


Change Bit K 
Isolate Bit K 
Load Bit Mask 
Reset Bit K 
Set Bit K 

Oe 


Mnemonics 


GROUP 


RNZ 
SNZ 
TNZ 
TZE 


GROUP 


CLO 
CLZ 
CMO 
CMZ 
COM 
LXC 
TSC 


GROUP 


REV 
ROD 
SEV 
SOD 
TEV 
TOD 


GROUP 


JNO 
JNP 


GROUP 


ABL 
AEL 
RBL 
REL 


GROUP 


ADF 
LDF 
SBF 
STF 
TFE 
TFL 


GROUP 


LRM 
SRM 


IX Word Tests 


X Partial Word Tests 


XI Bit Test 


XII Validity Tests 


Description 


Reset TSTF If A is Non Zero 
Set TSTF If A is Non Zero 
Test A Non Zero 

Test A Zero 


Count Least Significant Ones 
Count Least Significant Zeros 
Count Most Significant Ones 
Count Most Significant Zeros 
Compare On Mask 

Load X With Count 

Test and Shift Circular 


Reset TSTF If Bit K is Even 
Reset TSTF If Bit K is Odd 
Set TSTF If Bit K is Even 
Set TSTF If Bit K is Odd 
Test Bit K Even 

Test Bit K Odd 


Jump If No Overflow 
Jump If No Parity Error 


XIII List Instructions 


Append To Beginning of List 
Append To End of List 

Remove From Beginning of List 
Remove From End of List 


XIV Variable Field Arithmetic 


XV Program Linkage 


Add Field 

Load Field 
Subtract Field 
Store Field 

Test Field Equal 
Test Field Less 


Load Registers From Memory 
Store Registers Into Memory 
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PROCESS COMMUNICATION . 
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Analog Input Scanner 
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Instructions 

Interrupt Operation 
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Accuracy in Measurement of Analog Quseettses 

Multiple Output Distraebutor 

Instructions - 

Output Functions 

On-Line Programming Usage 


PERIPHERAL COMMUNICATION 


Peripheral Buffer 

Instructions 

Interrupt Operation 

Error Detection 

Card Reader (GE/PAC 4242B) 

Physical Description 

Operation 

Card Movement Timing (from Wait Station: to 
Stacker) 

Input Hopper Empty 

Stacker Full 

Line Printer (GE/PAC 4262) 

Physical Description - | 

Output FOmntt ine infovmation 

Operation 

Special Programming Considerations 

Input/Output Typer - GE/PAC 4270B 

Physical Pence tpenen 

Operation ; 

Operation as off-line Typer - 

Operation as an On-Line Device 

Operation as an On-Line Output Typer 

Operation as an On-Line Input Keyboard 

Special Programming Considerations 


GE/PAC CONSOLE 
Console Description (4040) 
Register Displays 


Console Description (4050 and 4060) 
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ARITHMETIC AND CONTROL UNIT 


The computation center of the computer, the arithmetic and control 
unit performs a wide variety of arithmetical and logical operations 
at high speed. 


‘It is subdivided into two parts: elements comprising the arithme- 


tic unit, and instruction format and sequencing. 
ELEMENTS COMPRISING THE ARITHMETIC UNIT 


The arithmetic and control unit (AU) is comprised of data registers, 
full address, and control Flip-Flops as shown in Figure 1. The 
registers used are as follows: A, B, I, P, and J. Control Flip- 
Flops, along with the full address, work in conjunction with the 
registers to perform arithmetic and bit manipulation operations, 

and for checking and remembering conditions occuring in the AU. 
Names of the Flip-Flops employed are: Test (TSTF), Overflow (OVRF), 
Permit Automatic Interrupt (PAIF), Priority Interrupt First (PII1F), 
Execution (XECF), Demand (DEMF). Adders are: Carry - Full Adders; 
A, B, and P. The function and description of each of these elements 
is discussed in the succeeding paragraphs. 

A-Register -- the A-Register is the primary working register for 
the arithmetic unit. It is comprised of 24 high speed Flip-Flops 
in a bit configuration numbered 0-23; bit 23 is the most signifi- 
cant. Functionally, it acts as temporary storage for data coming 
from or going to the input/output equipment of the computer. It 

is the accumulator register during arithmetic and bit manipulation 
operations. Transfer of data from A to internal registers of the 
AU is accomplished serially. Data transferred from A to registers 
and devices external to the AU is accomplished in parallel. 


B-Register -~- the B-Register is a 24-bit parallel entry buffer 
register used between core memory and the AU. It is comprised of 
24 high speed Flip-Flops arranged in the same bit configuration 
as the A-Register. B is the communication link for information 
transfer between memory and the AU registers A, I, and P. 


I-Register -- the I-Register is a 24-bit register comprised of 
24 high speed Flip-Flops arranged in the same bit configuration 
as the A~ and B-Registers. It is the holding register for the 
bits that control the operation of the AU. 


Full Adder A -- the FAA is used in any AU operation involving the 


- A-Register. 


-j- 


To/From Memories ' Parallel to Memories 


MEMORY DATA . efe| MEMORY ADDRESS 


B-Register 
F N L 


FOI ADDER aE P-Register 


jj Q-Register cs 


Cn) “ee-8 Channels 


1/O SELECTOR HUB 


Optional 


6 Channels ARITHMETIC .UNIT 


CONSOLE | <a’. 


Figure 1 - CENTRAL PROCESSOR SIMPLIFIED BLOCK DIAGRAM 
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Full Adder B -- the FAB is used in any AU operation involving the 
I and B-Registers. 


Full Adder P -~- the FAP is used in any AU operation involving the 
modification of the contents of the P~Register. 


INSTRUCTION FORMAT AND SEQUENCING 


There are five types of instructions employed by the arithmetic and 
control umit: Full Operand, Quasi, GEN 1, GEN 2, and GEN 3. Each 
distinct instruction involves either memory addressing, Input/Output 
device selection, bit manipulation of the A~Register, or extended 
function commands. The bit configuration of each type of instruction 
determines the operation to be performed and the control necessary 

to perform it. Figure 2 summarizes these types. 


The Full Operand type of instruction is used to perform arithmetic 
operations, logical operations, index control operations, and data 
transfers to and from memory. Data transferred to memory may be 
internal with the AU or may originate from input/output equipment. 
Data transferred from memory may go to the AU internal or be trans- 
ferred through the AU to the input/output equipment. 


Quasi instruction types are extended function commands that provide 
operations not wired into the AU hardware. They are implemented by 
packaged subroutines. The defined operation is analogous to a Save 
I Branch instruction. weg an 


Save I may be understood by analyzing what occurs when a quasi in-~- 
struction is implemented. The quasi instruction is transferred 

from memory to the B-Register, then to the I-~Register to be decoded. 
The operand, Bits 12-0, is stored in core cell 002 or, if desired, 
are modified, then stored (Save I). The next instruction is addres- 
sed from Bits 23-18 which selects one core cell location 040-077. 
The instruction contained in one of these cells "branches" the 
sequential program into a subroutine. Quasi instructions have the 
same instruction format as the Full Operand instructions but are 
distinguished by a "1" placed into Bit 23. Since Bits 23-18 are 
used to address the next instruction, the 1 bit in position 23 
insures that the core cell addressed is located between 040 and 077. 
Examples of quasi instructions employed by this system are: Mulitply, 
Divide, Floating Point Arithmetic, and those instructions involving 
the use of double-length registers. 


GEN 1 instructions are used for bit manipulations of the A-Register. 
By controlling the operation of Full Adder A, individual bits of 
the A-Register may be shifted in position, masked by ones or zeros, 
tested for polarity, or counted for numbers of ones or zeros con- 
tained therein. Microcoding of the instruction may be manipulated 
to perform any desired function on the A-Register. 
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GEN 2 instructions are employed by the GE/PAC system to select 
modules and devices in the input/output equipment. The format is 
microcoded, using unique address bits to select devices and modules. 
GEN 2 instructions are only partially decoded in the AU and the 
selection portion of its bit configuration (Bits 14-0) are never 
decoded in the AU. They are transferred to the input/output equip- 
ment for device and module selection. 


GEN 3 instructions are used to manipulate the contents of the A- 
and Q-Registers, affect the J-Counter, and optionally affect the 
Overflow Flip-Flop. 


All five instruction types may be modified. Modification is 
accomplished by indexing and relative addressing. Indexing may 
be performed on all the instruction types; relative addressing is 
limited to Full Operand and Quasi instructions. 


One of the core cells 001 through 007 is specified by Bits 17 
through 15 of the instruction. The contents of the selected core 
cell is added to Bits 13-0 of the instruction. 


Relative addressing, as well as indexing, augments Bits 13-0 of 
the instruction (the operand in the case of the Full Operand and 
Quasi instructions). Modification takes place by adding the core 
cell address of the instruction to the instruction operand. The 
core cell address for most instructions is the bit information 
contained in the P-Register. 


Instruction sequencing for the AU is as follows: 


1.. The P-Register transfers information to the memory address 
register (MAR) and a core cell is addressed. 

2. The instruction contained therein is transferred, in parallel, 
via the memory data register (MDR) to AU buffer register B. 

3. B (23-14)is transferred, in parallel, to the I-Register for 
instruction decodings. 

4. B (13-0) is transferred, in serial, through Full Adder B to I 
(13-0). If desired, the contents of I are modified at this 
point. 


- Depending on the instruction decoded, the contents of the TORCEREEEK: 
modified or unmodified, will cause: 


1. Address memory and retrieve data for arithmetic and logical 
operations. . | 

2. Transfer data to or from memory. 

3. Transfer data to or from the input/output equipment. 
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Figure 2 - INSTRUCTION FORMATS 
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Instruction Octal 

Index Word Indicator 

Relative Addressing Indicator 

Micro-coded Subcommand 

Bit Position of BrReeTster or Length of Shift 
GEN2 Subcommand é 

I/O Device Address 
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Bit position 23 of the Full Operand formats above is used to 
designate either a hardware of quasi implemented instruction. 
These formats will assist in clarifying the following 
discussions on programming features. = 


Ee 
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REAL-TIME PROGRAM CONTROL 

A real-time process is characterized by the occurrence of many 
events; some continuous, others random in nature. Events may 
occur simultaneously. Consequently, real-time programs are dis- 
tinctively different from their non-real-time counterparts. 


The most distinctive characteristic feature of a real-time 
program is the seemingly disorganized method of execution. 


1. Programs need not be completed without the occurrence of 
several interruptions to execute entirely unrelated programs. 

2. Internal data transfer is rarely accomplished in one operation. 

3. Intercommunication between programs becomes significant and 
time consuming. Information is constantly stored and retrieved 
from small tables. Table storage and retrieval rates are 
asynchronous. 

4, If a program is likely to be interrupted prior to completion, 
care must be taken to insure that its working storage is not 
destroyed. OO 

5. Subroutines common to several programs must receive special 
attention. Temporary constants used by a subroutine with 
respect to a given program must be preserved until execution 
of the subroutine is completed. : 


The second distinctive feature is that the program is an active 
element in the process system. It must maintain real-time, and 
initiate actions at specified real-times, and specified time delays. 


The third distinctive feature is the requirement that it should 
never wait upon I/O equipment; there is always some time-critical 
function to be implemented. In an off-line computer system, lost 
time increases costs. Lost time in an on-line operation will 


_cause a failure; endangering system security. 


The preceding characteristic features indicate that the "house- 
keeping functions", necessary in every computer program, become 
extremely important in the real-time program. The program cap- 
abilities of a process control computer must first provide 
efficient houskeeping (program control) capabilities, then 
provide arithmetic capabilities. 


PROGRAM CONTROL 


A digital computer is a serial device; it performs its program 
operations one-by-one. 
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A computer program consists of an ordered sequence of instructions 
to the computer. These instructions are placed in memory cells 
which have sequential addresses; ordering addresses will order the 
instructions. . 

The term "program control" describes the instruction sequencing 
process and is associated with a location in memory. Program 
control is specified by the contents of the program counter. 
Program control is normally transferred from one location to the 
next sequential location as instructions are executed. Program 
control can be transferred to an arbitrary location by "branch" 
instructions. It can conditionally skip a location by "jump" 
instructions, 


Nominally, the program counter contains the address within the 
program of the instruction which is to be executed next. However, 
there are many exceptions. Most modern process computers have 
"execute" and "program interrupt" functions which complicate the 
instruction sequencing process. It is paradoxical that this 
complication is one of programming description and not one of 
hardware, 7 


The effect upon program control by the following GE/PAC functions 
is similar: 4 : ae 


1. Execute (XEC) instruction 
2. Quasi subroutine linkage instruction 
3. Program interrupt : 
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All three are "execute" actions which command the computer to 
obtain its next instruction from some location other than that 
specified by the program counter. One instruction, out of normal 
sequence, is executed. If this (inserted) instruction is not a 
branch (jump, XEC, Quasi), program control is transferred to the 
next sequential location (with respect to the program counter) in 
the normal sequence. 


The location of the object instruction is determined by the specific 
action; XEC uses its operand address, Quasi's use their OP codes. 
Program interrupt requires an address source external to the computer. 


An XEC or Quasi action inhibits normal incrementing of the program 
counter during.the execution of the initiating instruction. The 
execution of the inserted instruction is normal. A program interrupt 
action inhibits normal incrementing of the program counter during 

the execution of the inserted instruction; a branch in the interrupt 
location may transfer program control. 


1.2.2 MEMORY ADDRESSABILITY 


GE/PAC memory addressability satisifes two prime addressing 
requirements for process computers. The first of these is the 
ability to transfer a program from bulk storage (drum memory) to 
_core memory and instantly relocate all of its memory addressing 
instructions. The term "dynamic relocatability" describes this 
requirement. The solution. is GE/PAC relative addressing, which 
modifies the Y operand address of the instruction by is location 
in memory as the instruction is executed. It allows the on-line 
Executive Control Program to instantly relocate a program from 
drum to any available place in core. More efficient use of both 
core and drum is possible. Difficulties of incorrect problem 
definition, system analysis, or programming analysis ate minimized. 


The second addressing requirement is efficient program address- 
ability to at least 64,000 words of random access core memory. 
This requirement is medium range, but has extremely long range 
implications. GE/PAC relative addressing and drum/core transfer 
provide a maximum of one million core words. 
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1.2.3 ADDRESS MODIFICATION 


Le2s3e4 Relative Address Modification ee 
The GE/PAC instruction format allocates a one-bit field, I* 
to specify relative address modification. This bit is called 
the relative addressing indicator and is designated by an 
asterisk. Relative address modification may occur in any 
Full Operand and Quasi instruction. It may not occur in any 
GEN1 or GEN2 instruction; this bit position, Ly is used for 
other purposes in these instructions. 


When * is zero in a Full Operand or Quasi instruction, no 
relative modification occurs. When * is 1, a modified operand 
address! is computed by adding an addend address to the signed 
13-bit operand address. The normal addend address is that of 
the location that the instruction occupied in memory. An 

- exception exists when the instruction being executed is the 
“object instruction" of a Quasi instruction or of a program 
interrupt; in these cases, the addend address is obtained from 
the program counter. Since this address is meaningless, 


branch vectors for Quasi's and program interrupts must not _use 
relative addressing. ; : 


I=the address is 14 bits long in the GE/PAC 4040; it is 16 bits long in the 


4050/4060. 


rae, 


1.2.3.2 
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Indexing Address Modification 


The GE/PAC instruction format allocates a three-bit field, I 

to indicate indexing address modification. The field specifies 
seven consecutive core memory locations for use as index words. 
The content of the field is call the "X-word address." 


When indexing address modification is specified (the field is 
non-zero), the 14-bit address2 in the specified index word is 


- added to the 14-bit operand address3 of the instruction in the 


I-Register to form the effective operand address. 


X-Word Address Effect Upon Address Modification 

000 No Modification 
001 Indexing Modification Using X-Word 1 
010 Indexing Modification Using X-Word 2 
O11 Indexing Modification Using X-Word 3 
100 Indexing Modification Using X-Word 4 
101 Indexing Modification Using X-Word 5 
110 _ Indexing Modification Using X-Word 6 

111 ' Indexing Modification Using X-Word 7 


Indexing address modification occurs as defined above when the’ 
X-word indicator is non-zero for all instructions except the 
six indexing control instructions. The indexing control 
instructions provide the means to load, store, increment, and 
test individual index words without using the A-Register. 
Details are presented in the GE/PAC 4000 Instruction Reference 
Manual. The usage of X-word 1 and X-word 2 is restricted. 
X-word 1 is used automatically by the arithmetic unit for 
subroutine linkage, Quasi instruction linkage, and program 
interrupt linkage. X-word 2 is automatically used for Quasi 
instruction linkage. Generally, these two X-words should not 
be used within a program. : 


When the X-word address in an indexing control instruction is 
zero, the instruction changes its meaning: 


STX (06X, ) becomes DMT 060 
INX (24X2) LDX (16X,), LXK (07K) and store zeros 
LXC (17X,) into location zero. 


STX, LXC, LDX, LXK, INX and TXH are illegal for X=0, by 
programming convention in the assembly program. 


The address is 14 bits long in the GE/PAC 4040; it is 16 bits long in 


the 4050/60; 15 bits in the 4020. 
“Relative address modification, if required, occurs prior to indexing 
address modification, 
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The Purpose and Nature of Indexing 


The fundamental purpose of indexing is to accomplish address 
modification of memory addressing instructions, A memory 
address is always positive. Indexing address modification 
is implemented within the arithmetic unit by addition of the 
index and positive operand address Y4 of the instruction. 


Memory addressing instructions must have positive operand 
addresses. For example, the instruction LDA -1, X which is 
correctly executed on many computers, is an illegal GE/PAC 
statement.” The GE/PAC assembly program will tag all negative 
absolute addresses as possible errors. 


An index is, in essence, an address. Therefore it is con~ 
sidered as positive. The TXH instruction presumes both the 
index X and the test value K to be positive, it is dangerous 
to interpret an index as negative. 


Indexing also permits the modification of GEN1 and GEN2 

instructions. A portion of the operation code extends into 
the operand address field; indexing permits modification of 
the instruction within its lower 14 bits (T13.9)- Modification 
is MODULO 16K. | 


1.2.4 SUBROUTINE LINKAGE 


4 


5 


6 


SPB saves the status® (interrupt, test, overflow, and program 
counter) of a main program, inhibits interrupt, and transfers 
program control as directed by the operand address, Return from 


a subroutine to the main program is implemented by the LDP instruc~".- 


tion which restores part and by LPR which restores all of the saved 
status. ? 


~ 


Subroutine linkage to a subroutine located absolutely within the 
COMMON are or within (assembled with) the same subprogram is ac- 
complished directly by the SPB instruction. Subroutine linkage 
‘to a subroutine located without (separately assembled disjoint 
subprogram) is accomplished indirectly via a request to the 
system ECP, Figure 3 illustrates these techniques. 


“If relative addressing is specified, this is the position address (*+Y) 
MODULO memory size. 

“The following example is cited: 4 

Assume the indicated index word contains 3101j9. The arithmetic unit 
will interpret the address "-1" as being 16383}9. The effective operand 
address is then (19484, 9) MODULO memory size. If the memory size is 
less than or equal to 16K the effective operand address is 3100j9. If 
the memory size exceeds 16K, the effective operand address will be 


1948419. 


“SPB also saves the Trapping Mode Status if the memory protection option 
is present. This option available only in GE/PAC 4060. 
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* COMMON REGION 
Subroutine K 
ORG 2000 
SBRK * STX SAVEX, 1 


LPR SAVEX 


SAVEX BSS 1 


Subprogram N 
PRG fe) 


SBRK EQL 2000 


SPRN 


SPB SBRK 


SPB SBRJ- 


Subroutine J 
SBRJ STX SX, L 


PAL (Optional) 


Figure 3 - SUBROUTINE LINKAGE (MONITOR SPECIFICATIONS) 
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In a real-time process system program X-word 1 must always be 
saved at the beginning of a subroutine used, that is, the first 
instruction executed after an SPB must be an STX, If program 
interrupts are not used, and the subroutine does not contain a 
Quasi instruction, this rule is not applicable. 


Subroutines in the COMMON region must operate in the program inter~ 
rupt inhibited mode. Subroutines within a subprogram may 
optionally operate in the program interrupt permitted mode, 


If a subroutine calling sequence contains parameters, X-word 2 may 
be used by the subroutine to access these parameters providing the 
access is made prior to the execution of any Quasi or PAI instruc-~ 
tion. 


Calling Sequence Subroutine 
SPB SBR STX 02, 1 
IDX Y1,3 STA SA 
IDA T1,3 STX  $SX3,3 
- (Error Return)  XEC 0,2 Ist Parameter 
(Normal Return) XEC 1,2 2nd Parameter 
INX 3,2. Set Normal Return 
STX  SX,2 


1.2.5 PROGRAM SWITCHES 


4 


1. THE COMPUTED GO-TO SWITCH 


This section describes the GE/PAC coding meCee acy to implement 
the FORTRAN Computed GO-TO Switch. 


GOTO (N,, N sii Gio Nee 


9? Ny ee 4 


The N. are program labels (locations). The value I 
is a fixed point integral variable and may be assigned 
or computed by the object program. 


Typical coding: rs 


LDA tl IL=I1/ 12 

DVD 12 

STQ I 

LDX I,3 Go To (Nl, N2, N3,...NN),I 
BRU * 3 

BRU N1 

BRU N2 

BRU N3 

BRU NN 
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THE ASSIGNED GO-TO SWITCH 


The ASSIGNED GO-TO requires careful study; it-is a ready 
source of program error in a relative addressing computer. 


GO TO I, (Ny > .N ) 


No? N, eeee 
In the previous section, I was an index value; eke it is 
one of the n labels Nye 

The natural way of coding this switch on a non-relative 

machine is as follows: 


A WDA NHK 
STA I 

N BRU I (or XEC I) 
BRU NL 
BRU N2 
BRU NN 


The preceding coding will not work on a relative 
addressing computer. The instruction BRU NK is 
assembled relative to NHK; its operand address is NK - 
(N+K). If executed in location I, it transfers pro- 
gram control to location NK - oe + I instead of 
location NK, 


The ASSIGNED GO TO Program switch should be implemented 
by the computed switch technique. Thus: 


A XK kk, 2 \ or/ IDK K 
STX I, 2 STA I 


N Dx fT, 2 
BRU ¥*, 2 or XEC*,2 


BRU Nl 
BRU N2 
BRU NN 


wha 
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1.2.6 TESTS AND THE CONDITIONAL BRANCH BTS 


GE/PAC has two conditional branch instructions, BTR and BTS, 

which conditionally branch on the status (set/reset) of a Test’ 
Flip-Flop (TSTF). With the exception of the test for arithmetic 
overflow, BIR and BIS are used for all conditional branches based 
‘upon internal effect tests. The TSTF serves as a memory element 
to remember the result of a previous test and will retain this 
status until changed by program. Since its status is not destroy- 
ed by BIR or BIS, many branches may be made upon the result of a 
single test. The status of the TSTF is saved by SPB and can be 
restored by LPR, . 


Two types of testing instructions are available to the programmer: 


1. The first type uses the letter T as the first character 
of its mnemonic. It places the result of the test 
(true/false) into the TSTF. _ 


2. The second type uses the letter S or R as the first 
character of its mnemonic. It affects (sets/resets) 
the TSTF only when the test is true. 
Type T tests are ordinarily used for conventional decision making. 
Type S or R tests are most useful in the evaluation of logic 
_ equation (refer to paragraph 1.3.3 for an example). 


Three program control instructions (STF, RIF, LPR) are available 
to set the TSTF to a predetermined status. 


1.2.7 INDEX AND LOOP CONTROL ; 4 


Two GE/PAC instructions, INX and DMT are used for index control 

TXH and DMT are used for end of loop testing. Figure 4 illustrates 
three common loop control examples. The first two examples describe 
backwards loop control; the third example describes forward loop 
control. Note- that the Loop Counter Word I in example 1 may be 
either an index word or an arbitrary memory location. ; 


1.2.8 QUASI INSTRUCTIONS | rate 


A Quasi instruction is (from the hardware viewpoint) a special 
two-address instruction. Its octal specifies a fixed address in 

a branch (SPB) vector leading to a subroutine. Its Y address is 

a normal operand address. The computer computes the effective 
operand address from the Y, *, and X fields of the instruction 
and saves this address in index word two. It then executes the 
SPB instruction in the location specified by the instruction octal. 
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_ Example 1 


_ FORTRAN . s % FLOW - CHART 


00 I = 49 


OL 
POL 


« 2 ° e 


TeT-1l - : 
IF (I) 02, O1, Ol 

02 

03 


Example 2 


10 K = 50 


ll 


| 


Bid 


KeKkel 
12 IF (K) 12, 12, 11 
13 


Example 3 ee , P21 


20 DO 22 N = 3, 51, 2 


22 CONTINUE 


Figure 4 - LOOP CONTROL EXAMPLES 
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SYMBOLIC PROGRAM 


LDA D49 
STA I 


DMI I 
BTS POL 
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A Quasi instruction is one which resembles, or is used as an 
instruction executed by a group of commands. For éxample, the 
Floating Add (FAD}, which is implemented by a subroutine, is used 

by the programmer the same as a hardware implemented FAD instruction. 
Therefore, a Quasi executes programs in memory allowing the programmer 


to demand an instruction not in the hardware, Several benefits are 


as follows: 


_- 1, A more effective instruction repertoire permits easier 
coding. 
2. Upward program compatibility is possible. 
3. This technique reduces memory requirements of programs when 
compared to the use of conventional subroutine techniques. 


Not all functions are best implemented as Quasi's. Square root, 
which normally uses the A-Register as its operand, does not require 
a two-address subroutine link. Therefore, to implement it by a 
Quasi wastes the Y operand address. | 


XEC AND ITS USAGE " 


The address portion of an Execute instruction (XEC) specifies an 
object instruction to be executed. It does not set the location 
counter to the location of the object instruction as would a 

branch instruction. Thus, XEC calls a one-instruction subroutine 


‘and specifies immediate return to the main routine. 


The use of XEC operation arises directly from the fact that the 
object instruction does not imply its own successor unless it is 
a branch. The XEC simplifies modification of non-indexable 
instructions (such as index control instructions) as well as 
providing the ability to effectively modify programs (remotely) 
which may not be directly modified. Effective use may also be 
made of the XEC in the case of a subroutine calling sequences 
where the calling sequence to the subroutine may include several 
parameters specified in actual machine instructions which the 2 
subroutine treats as second-order one-word subroutines. 


XEC completes a set of four program control operations:. 


1, Program control is retained by the main program (normal 
instruction sequencing). 

2. Program control is given to another program (branching). 

3. Program control is usurped by another program (program 
interrupt). 

4. Program control is lent to another (one instruction) 
program (execute). 
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Several examples of XEC usage are: 


1. Indexing non-indexable instructions 


XEC KL, J XEC KI, J XEC 
KL LXK 3,K KI INX 2,K KE TXH 25,K 
LXK 7,K INX 3,K TXH 28,K 


2. Program switches -- (Described in paragraph Lda) 
3. Double indexing arrays 


A = TABLE (I,J) XEC LT, I 
STA A 


LT LDA TABLE, J | 
IDA TABLE+JM, J 
LDA TABLE +2JM, J 
LDA TABLE +3JM, J 


4. Executing "manufactured" instructions. When it becomes 
necessary to modify an instruction (other than by indexing), 


it must be placed in COMMON and be executed via XEC. Extreme .- 


care must be exercised when manufacturing memory addressing 
instructions. 


5. When several programs are identical, except for one instruc- 
‘tion, XEC can reduce overall storage requirements by combin- 
ing the programs. 


LXK I,J PROG STX SX, 1 
SPB PROG ; 
: XEC, INS, J. 
- «LPR SX 
INS ADD NUM 
SUB NUM 
DVD NUM 
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PROGRAM INTERRUPT 
Program interrupt is the only satisfactory hardware method to 
synchronize a computer program with external conditions. 


An external event may be sensed and a signal (indicating event 
true/event false) is connected to the GE/PAC Automatic Program 
Interrupt module. Two types of event detection are provided 
by the CELEAC API module: 


1. The event has occurred (was and/or is true) and a program 
' interrupt, to acknowledge the occurrence, has not yet 
occurred, 
2. The event is presently occurring (was oe is true) ani a 
program interrupt, to acknowledge the occurrence, has not 
yet occurred. 


In either case, the GE/PAC API module remembers the event until 
a program interrupt acknowledges its occurrence. The GE/PAC 
API will then "forget" the event. 


Type 1 event detection is normally used to provide event re- 
cording, plus accumulation, and process-to-program synchroniza-~ 
tion. Type 2 event detection controls interrupt driven I/0 
equipment. 


— 


- Two classes of program interrupt (relative to program control) 


are provided in GE/PAC systems: 


vs 


1. Inhibitable Interrupts 


The program controls the occurrence of such interrupts. 
Execution of an IAI or SPB instruction places the computer 
in the program interrupt inhibited mode. Inhibitable in- 

terrupts are delayed until a PAI instruction is executed 
to place the computer in the program interrupt permitted 
mode. The instructions LDP and LPR will either inhibit or 
permit interrupt depending upon Bit 21 of the referenced 
memory Location. 


2. Noninhibitable Interrupts 


The program does not normally control the occurrence of 
such interrupts. A program interrupt which acknowledges 
the occurrence of the event is made within 1 to 500 micro- 
seconds of the occurrence of the event. 
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To assure program integrity during program~to-subroutine 
communication, a hardware restriction must be placed upon the 
SPB instruction to guarantee program execution of one addition-~ 
al instruction (an STX) prior to a possible noninhibitable 
program interrupt. A similar restriction upon the BRU in- 
struction is necessary to simplify FORTRAN program-to~subprogram 
communication, These restrictions may "hang up" the program 

by locking out all interrupts if an SPB * or BRU * is executed. 
BIS * and XEC * are other non-interruptable program stops. 

None of these stops, however, are normally acceptable in a real- 
time program. 


Program interrupt may not occur more frequently than every 
other instruction; the instruction succeeding the interrupt- 
inserted instruction is determined by the program counter. 


.If an LDP or LPR (to permit interrupt) is executed, one addition- 
al instruction will be executed before an inhibitable interrupt 
occurs. A non-inhibitable interrupt may occur immediately 
following the LDP or LPR, | 


The program sequence PAI, IAI will not permit any requested 
program interrupts to occur. The sequence PAI, NOP, IAI allows 
the highest priority requested interrupt to occur, etc. 

The program sequence PAI, N@P, BRU * -1 will not necessarily 
guarantee the servicing of all requested program interrupts. 
This sequence should be written as PAI, NOP, NOP, BRU * -2. 


A program interrupt is accomplished by executing one instruction 
out-of-normal program sequence. Sequential memory locations in 
an Interrupt Control Table are reserved for this purpose, cor- 
responding to Interrupts #0, #1, .... The Interrupt Control Table 
starts at location 100g in 4040 and 4050/4060 systems; starting 
location 200g in 4020 systems. Although the only theoretical 
limitation to the number of interrupts is memory size, avail- 
able "off the shelf" hardware is limited to a maximum of 64 
interrupts. 


Only six GE/PAC instructions should be used within the 
Interrupt Control Table. Other instructions will cause 
"program bugs" which are extremely elusive to find. Relative 
addressing must not be used in these interrupt control 
instructions. Permissable GE/PAC instructions are DMI, SPB, 
NOP, BRU, @LD, and IDL. 
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Pulse accumulation 


INTERRUPT 
CONTROL 
TABLE 
Pulse accumulation 
ze Elapsed time counter 
STX SX,1 Automatic shut down 
| STA SA 
| 
| e 
| 
| Automatic restart and initialize 
| STX TX,1 Elapsed time count overflow 
echo . |» SPB TIMRO > 
Reset 
Time - 
Count 
Update 
Clock - 
BRU ECP 
SPB BFD > STX BX,1 1/0 Device 
ae a Buffer Driver 
PB AC. 
RBL LIST Subroutine 
a , OUT Device ; 
~ Special ; 
Action is 
Routine LPR BX 
iS 
I/O Device 
Queing 
List 
INN, 


Figure 5 - TYPICAL PROGRAM INTERRUPT USAGE 
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1.3.1.1 


DATA MANIPULATION 


The "bit" is the fundamental unit of data. A larger and more 
convenient unit is the "word" which, in GE/PAC, consists of an 
ordered set of 24 "bits". GE/PAC is word-organized with respect 
to addressing and arithmetic; it is both word-organized and bit- 
organized with respect to logic. 


Data Manipulation is accomplished in one or more of the following 
registers: 


1. A-Register 

2. Q-Register 

3. Addressed memory location Z 
The group of General instructions provide the means to load or 
store each register. Arithmetic, Logic, and Test instructions 
implement data manipulation operations. 


The A-Register, being the primary working register, is affected 
by a majority of the data manipulation operations. The Q-Register 
is used as an extension of the A-Register or as an auxiliary 
register. Few operations affect it. The Operate on Memory 
instruction (99M) provides a means of applying all of the A- 
Register operations to an addressed memory location. 


— 


DATA REPRESENTATION 


Data representation is provided for two types of data, numeric 
variables and logic variables. . 


Numeric variables 

Numeric variables are represented by sequences of digits. The 
GE/PAC word, with bits interpreted as digits, provides binary 
representation of any real number with a precision of 23 binary 
digits. 


Three common binary representations for negative numbers are: 
1. Sign plus absolute value = 

2. One's complement 

3. Two's complement 


In each case the left-most bit is interpreted as the sign of 
the number, O meaning plus and 1 meaning minus. 
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Two's complement representation is used in GE/PAC for fixed- 
point arithmetic. 


Sign plus absolute value representation is used in GE/PAC for 
floating-point arithmetic. 


The integral and fractional portions of the number are separat~ 

ed by a binary point. The binary point has no analogy in hard-~ 
‘ware. In fixed-point arithmetic, the binary point is supplied 
mentally by the programmer and is referred to as the scale of 

the number. In floating-point arithmetic, the binary point is 
defined by an exponent within the floating-point number repre-~ 
‘sentation; the mantissa is always a normalized fraction. Arith- 
metic data formats are illustrated in Figure 6. Figure 7 presents 
the number range of fixed- and floating-point variables. 


Note on Numeric Data Representation 


Any real number may be represented in binary notation as: 


n n-l a | 
bec tX, 2 +R 2 te eK 2H Kt RY 20+ ot 


x. 2 


‘ + ... where the X, are the coefficients of the 


ale 


powers of 2 and may assume the values O and 1. If a one-to- 
one correspondence between these X, and bits in computer words 
is made, numbers may be represented by sequences of bits. The 
24-bit word provides sequence lengths of 24 and 48 bits and 
can approximate any real number with a precision of 23 (46) 
bits. 

The two's complement of a number S rae X is 
numerically equal to the number Bene? aS ae 


~ 


.0) - (0 pee of 


(C1 n+24 S t23 22 , A 


nt24 nt23°° 


Thus ~-7 oo 10000, - oolll, = 1001, ; 


1 2 


“C-1)i6 = 10000, - 01111, = 0001, a 


2 2 


and -0 = 10000, - 00000, = 0000,, 
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Single Word Fixed Point 


Bit Position 23122 0 | 


e 


Scale 2 . 


Y two's complement number 


. Sign bit 
‘Not Used 
Double Word Fixed Point oe zero) 


Bit Position 23 — PRY - 0 
- Scale 


two's complement number 


ae bit % 


Single Word Floating Point 
Bit Position 23122 17|16 ; a 


Sign Bit Magnitude (absolute value) 
Characteristic (=Exponent +405) 


Double Word Floating Point - Not Used 
- (always zero) 


Bit Position 
Sign Bit Magnitude (absolute value) 
Characteristic (=Exponent +400.) 


~ 


(NOTE: Sign bit 0 = +; 1 = -) 


Figure 6 - ARITHMETIC DATA FORMATS 
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FIXED POINT NUMBER RANGE 


~ 


Minimum Maximum 
Format Number . Number Increment 
Single Word ; 

. As found in Memory 40000000, 377777778 00000001, 
Decimal equivalent ey Aa 28=1 28~23 
Double Word 
As found in Memory 40000000 37777777 00000000 ~ 

00000000, 377777779 00000001, 
Decimal equivalent -28 2S—1 — 28-47 


Notes a. s = scale of fixed point number. 
b. 28 = 10%:°4S, approximately. 
c. Although the negative endpoint, -25, can be represented, its negative 
28, can not. Therefore -25 is not normally considered to be part of 
the range of a numeric variable. 
eee ennai remitting nas pon bonnie 


FLOATING POINT NUMBER RANGE 


Minimum ; Maximum ; 
Format Number Number Increment 


Single Word é 
As found in Memory ee 9 37777777 0C000001, 
0 


Approximate decimal equivalent. -0.00000* +0.99999*107 2c-49 
Double Word A -Sastnis , 
As found in Memory 77777777,—= 397777777 0cc00000 


| 377777778 377777778 00000001, 
Approximate decimal equivalent. -0.999,999°  +0.999,999 26C-69 


999,99%1077 999, 99%1077 
Notes a. The number "Zero" is arbitrarily defined to be the number 00000000 
(00000000, 00000000, for double word format) as it would occur in 
memory, and has the approximate decimal equivalent +0.0*1079 
(+0.0*10777, double word), 

b. The number "minus zero", which is representable in "sign plus 
absolute value" notation can never result from a GE/PAC floating 
point operation and should be considered illegal. 

c. C = characteristic of floating number. Single-word range of C is 
0 <C <.63; double-word range of CC is O<¢ CC < 511. 

d. The increment is not a representable floating number. The minimum 
positive representable number is 00200000 and has the approximate 
decimal equivalent +0.5 * 10-9. The minimum double-word representable 
number is 02000000,00000000, having the decimal equivalent +0.5*10777. 


~ 


Figure 7-FIXED AND FLOATING POINT NUMBER RANGE 
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An alternate method to negate anumber is to form the one's 
complement and add one. 


HT] 


Thus -7,, = o111, + 0001, = 1000, + 0001,, 1001,, 


10 2 


-(-1) = 1111, + 0001, = 000, + 0001, = 0001 


2 2? 


and -0,, = 0000, ; 


This latter method is used in GE/PAC since: 


= 0001, = 1111, + 0001, 0000, . 


1. The former method requires an additonal bit in the A- 
Register. 

2. The latter method treats subtraction as a special case of 
addition. 


Another way to interpret a two's complement number is to think 
of the sign bit as being the coefficient of a negative multi- 
plier. All other multipliers are positive. 


Thus -7 = 1001, = “819 + 0 + %0 7 %6 + Lio, 


10 0001, +055 + 0 ad 916 + Lo, 


pus 
N 


“B19 * 419 + 249 F Lo, 


~w 


N 


% 
3 
Au 
t 
N 
It 
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Logic Variables 


Yes/no, true/false, on/off, and set/reset conditions are repre- 
sented by logic variables and obey the laws of Boolean algebra. 
If a one-to-one correspondence between logic variables and bits 
are made, a set of twenty-four such variables may be represented 
by a GE/PAC computer word. In such a representation, 1 means 
true and O means false. or ns . 


GE/PAC provides word logical instructions to operate on sets of 


bits, and bit logical instructions to operate on individual bits. 


yy fo 


eee 


1.3.2 ARITHMETIC OPERATIONS 


hs | 


Arithmetic Overflow 


The result of an arithmetic operation (addition, subtraction, 
multiplication, or division) upon two 24-bit numbers may exceed 
24 bits. Any further computation involving the result is mean- 
ingless. Arithmetic overflow occurs when the magnitude of the 
resulting number is too large. GE/PAC provides arithmetic over-~ 
flow detection for all of its arithmetic instructions except 

AD# and NEG. 


Arithmetic underflow occurs when a result is too small in magni- 

tude to affect the least significant bit of_the register in which 
the operation is performed. When underflow occurs, the result is 
replaced by a zero but no underflow detection is provided. 


If overflow occurred during the execution of an ADD, SUB, AKA, 


SKA, MPY, DVD, SLA, DLA, FIX, FLO, FAD, FSU, FMP, or FDV, the 
Overflow Flip-Flop (OVRF) is set. Otherwise, the OVRF remains 
unchanged. Testing overflow with the JN@ instruction after each 
arithmetic instruction is inefficient. This test need be given 
only once (at the end of the computation)-to provide valid 
arithmetic overflow detection. 


A carry out of the A~Register and arithmetic overflow are un- 
related in two's complement fixed point arithmetic. Such a 
carry is neither a necessary nor sufficient condition for 
arithmetic overflow. Each arithmetic operation has a different 
criterium for determining whether or not overflow occurred, 
These criteria are: 


bere 


ADD 

If the contents of A and Z have like signs, and the sign of the 
sum differs from that of its arguments, the OVRF is set; other- 
wise the OVRF is unaffected. 


Pa 
x 


SUB 


° + 
If the contents of A and the one's complement of the contents of 
Z have like signs and the sign of the difference differs from 
that of its arguments, the OVRF is set; otherwise the OVRF is 
unaffected. 
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MPY REGISTER ARITHMETIC 
OVERFLOW 


M in the above table is the octal number 40000000. It is an 
illegal number in that this maximum negative number is its own 
negative. That is, its negative is not positive in the accept- 
ed sense because the so-called sign bit is a zero. Overflow 
occurs during MPY only if the multiplier and multiplicand are 
40000000, and the contents of the A-Register are not negative. 
If arithmetic overflow occurs as a result of MPY, the OVRF is 
set; otherwise the OVRF is unchanged. 


DVD 


If the magnitude of the contents of Z exceeds’ that of the con-~ 
tents of A, the OVRF is unaffected. If the magnitude of A 
exceeds that of Z, the OVRF is set. If the magnitude of A 
equals that of Z and the sign of the resulting remainder is 
‘the same as the sign of the divisor, the OVRF is unaffected; 
if these signs differ, the OVRF is set. 


. SLA and DLA 


If the contents of A are positive: If any "1" bit is shifted 
into A,., the OVRF is set; otherwise the OVRF is unchanged. 
If thetontents of A are negative: If any "0" bit is shifted 
into Ay 3: the OVRF is set; otherwise the OVRF is unchanged. 


Floating-Point Instructions er 


Arithmetic overflow occurs when the magnitude of the exponent 
of the result is too large for the exponent field of the . 
floating-point format. 


Single Word Mode 


€ 


If the magnitude of the result of a floating operation is less 
than 1 X 2-33, it is replaced by zero; if the magnitude is 
greater than 1 X 2 1, it is replaced by the signed maximum 
floating number and the OVRF is set. 
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133.252 


“32.5 


Double Word Mode 

If the magnitude of the result of a floating operation is less 
than 1 X 2-513, it is replaced by zero; if the magnitude is 
greater than 1 X 2511, it is replaced by the signed maximum 
floating number and the OVRF is set. 


Fixed Point Arithmetic Scaling Operations 


The term scaling describes the analysis process associated 
with the programming of numerical problems using fixed-point 
arithmetic operations are subject to the following rules: 


Addition and Subtraction 


Variables must be scaled alike when added or subtracted. If 
scales differ, each variable is scaled by multiplying it by an 
appropriate power of two so the resulting scales are the same. 
The scale of the result is that of its addends. 


z 


Multiplication JY we 


Variables may have different scales when multiplied. The scale 
of the result is equal to the sum of the scales of its factors. 


Division 


Variables may have different scales when divided. The scale 
of the quotient is equal that of the dividend, diminished by 
the scale of the divisor. The scale of the remainder is equal 
to the scale of the dividend, diminished by 23. 


Scaling may be accomplished in one or both of two ways: 


1. Mental multiplication by a power of 2. 
2. Actual multiplication by a power of 2 as implemented by a 
shift (SRA, SLA). 


Most precise results are obtained when scaling is planned so 
the number of significant bits in the working registers A and 
Q is maximized at all times. 


Floating-Point Arithmetic Scaling Operations 


Floating-point arithmetic minimizes or eliminates the need 

for scaling. Floating-point Scaling consists of analyzing all 
equations comprising a problem, and reformulating if necessary, 
to insure all variables (including results and partial results) 
are representable by the floating-point format. 
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1.3.3 LOGIC AND BIT LOGIC OPERATIONS 


GE/PAC has conventional logical instructions (CPL, @PRA, ANA, ERA) 
which address memory and operate on the addressed 24-bit words. In 
addition, a GEN] class of instruction allows the programmer to add- 
ress individual bits of a word in the A-Register and perform the 
CPL, MRA, ANA and ERA operations on the addressed bits. Thus: 


_ SBK K | Sets the Kth bit of A to a one 
CBK K Changes the Kth bit of A 
TOD K Tests the Kth bit of A 


(Also, others are available) 


Much of a control program consists of decision making based upon 
the status of true/false bit-logic variables. These conditions 
are normally read into the computer via a Digital Input Scanner. 


Assume that one step in a start-up process consists of determining 
that one of two pumps is on with its valve open and that a main 
valve is open. = | ‘ 
Motor on, pump #1 
Valve open, pump #1 
Motor on, pump #2 
Valve open, pump #2 
Main valve open 


HOA 


noun nt 


The programming technique does not depend upon the arrangement of 
variables; all may be assumed in the same word without loss of 
generality. The step may be expressed in the form of a logic 
equation: ; 2 


If (A*B*C*D+A*B*C*D) *E=1, GO TO OK 

GE/PAC coding for this equation is given in Figure 9. 

A shorter program can be produced by using GE/PAC conventional 
logic instructions (CPL, @RA, ANA, ERA) if rigid assumptions, with 
respect to the location and arrangement of bit variables, are made. 
When using the logic instructions, all five variables must be 
assumed to be in sequence in the same digital word. GE/PAC coding 


for this equation is presented in Figure 10. 


A comparison of the two methods emphasizes the value of bit logic. 


LDA GR@UP 00 


TQD BIT A Trek 
BIR *+5 IF (T-1) 02,01 
REV BIT B 01 T = AXB*-C*-D 
RGD BIT C ; 
RGD BIT D 
BRU *+5 GZ TS 03 
SET 02 T=1 
RGD BIT B T=A*B* -C*~ 
REV BIT C 
REV BIT D 
REV BIT E 030 «T=TXE 
BIS @K IF (T-1) 04,@K 
BRU ALARM 04 Gh TG ALARM 

% USE OF GEPAC BIT LOGIC INSTRUCTIONS 


TO EVALUATE LOGIC EQUATION 
IF (A*B*-C¥-D + -A*¥-B*C*D) * E = 1, GY TP OK 


Figure 8 - BIT LOGIC USAGE 


‘BIS OK 
BRU ALARM 
BITA MUST BE BIT 22 
BITB MUST BE BIT 21 
BITC MUST BE BIT 20 
BITD MUST BE BIT 19 
BITE MUST BE BIT 23 
MASK1 céN /44000000 100100000.... 
MASK2 céN /56000000 101110000.... 
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USE OF GEPAC CONVENTIONAL LOGIC INSTRUCTIONS 
TO EVALUATE LOGIC EQUATION 
IF (A*B*¥-C¥-D + -A*-B*C*D) * E = 1, GO TP OK 


eb 


x "Pi gure 9 - CONVENTIONAL LOGIC USAGE 


Bit logic method advantages: 


a. 


Permits a natural and straight-forward algorithmic evaluation 
of logic equations: 


1. Suited for use by junior programmers without loss in 
quality of coding 

2. Suited for use in a compiler 

3. To reduce programming time 


b. Permits symbolic representation of bit variables. Minimizes 
the need for programming dictation of the specific arrangement 
of inputs to the Digital Input Scanner. 

Disadvantages: 

a. Requires more memory and execution time 


Conventional logic method advantages: 


a. 


a. 


~ 


b. 


Cc. 


1.3.4 LISTS AND THEIR USAGE 


1.3.4.1 


Requires less memory and execution time if optimumally coded 


Disadvantages: 


Requires ingenuity in choice of specific technique and bit 
arrangement, therefore: 


1. Quality of coding is dependent upon the caliber of the 
programmer. Non-optimum coding can require more memory 
and execution time than produced by the bit logic method. 

2. Not suited for use in a compiler | 

3. Increased programming time required 


Symbolic representation of contact closures is very awkward 
and requires restrictions on hardware grouping of variables. 


A bit arrangement that is optimum for one test is probably not 


optimum for another test in the same program involving the 
same set of variables. \ 


Definitions 
A List consists of an ordered set of items contained within a 


fixed length block of memory (2° + 1 words where L is an integer, 
1<L<9). 


oe 


23 15 14 6{ 51 4}3 0 


Address 
of List Z F N fle L LIST CONTROL WORD 
Z+1 (K + i Item L Specifies maximum size of list 
(24 items where 1<L< 9). 
F Specifies location of beginnin; 
item (O<F <2" - 1). 
N Specifies number of items 
currently in list (0 <N < 2h). 
ww- 198 Item 
Ending Item 
Unused 
Area 
Prior to Execution: 
Beginning Item Address of beginning item 
Z+1+ (FH) Mop2/ 
Address of ending item : 
Z+1+ (F +N) Mop2! 
The list is empty if N=0 and e=1 
The list is full if N=0 and f=1 
: 
z+ 2" x teen ‘ 


Figure 10 - GE/PAC LIST ADDRESSING DETAILS 


€ 


2305 


1.3.4.2 


The first word of the block is a list control word which is the 
address or label of the list. Thé maximum size of any given 
list is 24 items. The physical ordering of a list is circular 
in nature; the address 2 Relative to the list control word is 
followed sequentially by the relative address 1. The terms be- 
ginning item and ending item are arbitrarily attached to the 
first and last members of the set of items currently forming the 
list. Figure 10 illustrates list addressing details. Instruc- 
tions are provided for appending additional items to the be- 
ginning or end of the list and for removing the beginning or 
ending items. 


These instructions are: 


Append item to beginning of list Z 


ABL Z 

AEL Z Append item to end of list Z 

RBL Z Remove beginning item from list Z 
REL Zz Remove ending item from list Z 


An item, when appended, becomes the new beginning/ending item. 
The removal of an item forces the adjacent item to become the 
new beginning/ending item. The current beginning and ending 

items are the only items addressable by program; normal table 


‘indexing techniques allow addressing of any entry in a table. 


The Queuing List and Its Usage 


A queuing list channels information to and through Input/Output 
devices. Assume a request for the on demand print out of the 
current value of an analog input is made. The scan command 
word and appropriate control information would be appended to 

a queue controlling the scanner operation. When available, 

the raw count value of this input will be appended to a queue 
awaiting conversion from binary to engineering units. 


Another queue is awaiting line to the binary to BCD conversion 
routine. The resulting ordered set of BCD characters is 
appended to the output driver queue which controls a typewriter. 


ABL places high priority items at the beginning of the list, 
RBL removes them ahead of all other items. Consequently, high 
priority items are appended at the beginning of the list to 
become the next item removed. Thus AEL and RBL provide 

normal queuing. 


Ly 
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1.3.4.3 The Stacking List and Its Usage 


The stack or push down list is so named because the most re- 
cently appended item is always removed prior to the removal of 
less recently appended items. The phrase last in - first out 
is sometimes used to describe the operation of a stack. 


Typical stack usage is a common temporary storage block for 
programs subject to program interrupt. Each program, by append-~ 
ing all of its intermediate results in the stack, could be 
destroyed by a higher priority program. When all higher prior- 
ity programs are completed, the destroyed program is restored 
and continues from its point of interruption. 


The stack requires that the relative priorities of all programs 
having data within the stack do not change. Use of the stack 
on GE/PAC 4040 is relatively slow. When stacking of data is 
not satisfactory for a given program, one of the following 
alternates must be used: 


1. The program is assigned unique locations in COMMON for its 
intermediate results. 
ee 2. The program is executed in the interrupt inhibited mode. 
-- 3, - The program is restarted from its initial conditions. 


AEL and REL are stacking instructions. 
1.3.5 GEN'1 INSTRUCTIONS 


The GEN 1 instruction is executed as follows. Instruction retrieval 
and indexing occur during timing states 1 and 2. Since indexing 
address modification affects bits 13 through 0 of the instructions, 
indexing can change the meaning of the GEN 1 instruction. Implemen- 
tation of timing state 3 is as follows: 


1. The complemented value of k, (Iy_9), is placed in the J- 
Counter, 

2. The control fields determine inputs to the serial adder, to 
the Test Flip-Flop, and to the shifting control. 

3.. The contents of the A-Register are ringshifted bit by bit 
through the adder, the output of the adder being shifted 
into A23 of the A-Register,. 

4. The J-Counter is incremented one for each one-bit shift. 
The final contents of this counter is: 


a. 37g if Og =1 
b. 27g-k ifA, = 0, k < 2349 
c. 37, if A, = 0, k = 2419 


1024 unique GEN 1 instruction octals are possible. The most useful 


oa 
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1 3.6 
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octals are utilized and are listed in the GE/PAC 4000 Instruction 
Re’erence Manual 


GEN 3 INSTRUCTIONS 


GEN 3 commands are differentiated from other commands by the op code 
45g They are also subdivided into commands by the m’cro-coding of 
the operand portion of the command word These commands are used to 
manipulate the contents of the A- and Q-Registers, affect the J- 
Counter, and optionally affect the Overflow Flip-Flop GEN 3 commands 
are also used within the Quasi subroutines for floating-point arith- 
metic operations 


COUNT INSTRUCTIONS 


CM® and CMZ instructions count the number of most significant ones/ 
-oros of the data word in the A-Register. CL@ and CLZ count the 
number of least significant ones/zeros in the A-Register. 


These instructions leave the determined "count" value in the J-Counter; 
an LXC instruction must be executed to transfer it to an index word. 
Quasi instructions must not occur between a count instruction and the 
LXC Therefore, each count instruction must be immediately followed 
by its associated LXC No other conventions apply when using count 
instructions with GE/PAC 4050 or 4060 computer: 


Two conventions apply on the GE/PAC 4040 computer: 


1 Count instructions are not protected from program interrupt. Certain 
Quasi instructions use the J~-Counter without restoring it. Each count 
instruction must be immediately followed by its ass: ciated LXC; these 
instructions must be between an IAI and PAI in a permitted program. 


IAI 
CLZ 
LXC X 
PAT 
2. Non-inhibitable pr ram interrupt action routines must -ave and 
restore the J-Counter if the action reutine contains any GEN l 
instruction. 


The J-Counter is saved with the coding: 
LXC X COUNT —> X, 
The J-Counter is restored with this coding: 


LD 0,X 
CLZ 


The A-Register is destroyed by this operation. 


Figures 11 and 12 present the flow chart and coding for a typical 
application which uses a count instruction A simple executive 
routine examines bits in a computer word, transferring program 
control to a subroutine as a control bit is set 


~37~ 


=Qo~ 


Given 1 Group of 
22 Logic Variables 


Compare graup against groups of 22 Logic constants, 
to determine which bits differ from a predetermined 


normal status and are of current interest. 


Reset 


Of f-normal 
bit K 


Are any of these "off-normal" 
bits .currently of interest. 


Y 
wich one? 


subroutine 


Action 
Subroutine 
2 


Action 
Subroutine 
1 


Figure 11 - COUNT INSTRUCTION APPLICATION 


Action 
Subroutine 
N < 22 


ACTA 


 ACTB 


ACTC 

NORMAL 
INTRST 
ACTION 


SX 


This technique can be used for any or all the following purposes: 


1. As the ECP in Monitor 

2. As a demand routine ECP 

3. As a change of state ECP : 
Associated with program interrupt and/or contact status groups 
read in via the Digital Input Scanner (DIS). 


LDA GRYUP ~ 000 GRUP OF 22 LOGIC VARIABLES 
ERA NORMAL DETERMINE QFF-NQ@RMAL VARIABLES 
ANA INTRST DETERMINE QGFF-NORM GF INTERST 
TZE 001 B IF (ANY PFFNORMAL OF 
BIS ACTC X . INTEREST) --, 003, 002 
IAI 002 DETERMINE WHICH ONE K 

CLZ 

LXC 3 

PAI 

“SPB ACTION,3 CALL ACTIONF(K) 

RBK 0,3 RESET OFFNORMAL BIT K 

BRU ACTB Gg TA 002 

LPR SX 003. RETURN 

BSS 1 

BSS 1 ~ 

BRU ACT1 

BRU ACT2 

BRU ACTN : 

BSS 1 


cr 


Figure 12 - COUNT INSTRUCTION CODING 
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1.4 


1.4.1 


INPUT AND OUTPUT CONTROL 
GEN 2 INSTRUCTIONS 
GEN 2 instructions are microcoded instructions used for control of 


input/output equipment and for certain computer actions. Instruction 
format follows: 


25 - Instruction octal 

X - X word indicator 

S - Instruction secondary~octal 
D - Device address 


Device address D = 0000, is a ficticious address referring to the 
computer itself. 


wey 


> 


The following instructions are provided: 


Program Control 


= 


25010000 SSA Set Stall Alarm a) 
25020000 PAI Permit Automatic Program Interrupt 
25030000 IAI Inhibit Automatic Program Interrupt 
25040000 JND Jump if no Demand 

25050000 RCS Read Console Switches 


Validity Tests 


25060000 JNO Jump if No Overflow 
25070000 JNP Jump if No Core Parity. 


Device addresses D = 11DDg refer to peripheral devices. Device 
address D = 2400, refers to the GE/PAC drum. Other device 
addresses may be defined as required. 


Ne 


The following generic instructions are recognized by the assembly 
program: 


2500 SEL Select device D 
2501 ACT Activate device D < 
2502 @PR Operate device D 
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1.4.2 


2504 PUT Output from A-Register and Initiate 
operation of device D 


2505 IN Input to A-Register and initiate operation 
of device D 

2506 JNR Jump if not ready 

2507 JNE Jump if no error 


Specific meanings for each action are determined by the specific 
requirements of each given device D. Refer to specific descrip- 
tions of the various devices for detailed information. 


Since indexing address modification affects Bits 13 through 0 


of the instruction, indexing can change the meaning of the GEN2 


instruction. 


The device address is a function, not of the device, of the 
physical location of the device within the GE/PAC cabinetry. 
Therefore, it is extremely important for each system program to 
permit device addresses to be changed without costly reprogramming 
or major reassemblies. A recommended GE/PAC technique is to list 
all device addresses in a table and assign a common symbol to each 
table entry. This device address table must be located absolutely. 
Each program using input/output devices will refer symbolically to 
the appropriate device address as illustrated in Figure 13. A 
recommended alternate technique is to use the EQL pseudo-op as 
illustrated in Figure 14. - 


INPUL/OULPUT COMMUNICATION 


GE/PAC 4040 provides up to twenty-four independent communication 
paths between the A-Register and Input/Output devices external to 
the computer. Each path is specified by the most significant 6 
bits of the device address and links the arithmetic unit with a 
module. Module refers to the circuitry which controls a device 
directed by the S portion of the GEN2 instructions. Associated 
cabinetry is also described as a module. Examples of modules 

are peripheral buffers, analog input scanners, and digital input 
scanners. : 


The term device designates an electronic or mechanical unit con- 
trolled indirectly by the computer via the GEN2 instruction. The 
device is the interface between the computer and an operator or 
between the computer and the process. Examples of devices are 
paper tape readers and punches, analog-input sensors, digital- 
input sensors, and operator console controls. 
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ORG 


RDR *CON 0,1100 CONSOLE PAPER TAPE READER 

TYP1 %*CON 0,1103 TYPEWRITER NO. 1 

RDR2 *CON 0,1105 PAPER TAPE READER NO, 2 

DIS *CON 0,4400 DIGITAL INPUT SCANNER 

AIS *CON 0,2100 ANALOG INPUT SCANNER 

MCO *CON 0,4300 MULTIPLE CONTACT OUTPUT CONTROL 
TCO *CON 0,4600 TIMED CONTACT OUTPUT CONTROL 
DRUM *CON 00,4500 DRUM 

RRR: 


TYPE LDX TYP1,X 
LDA CHARACTER 
OUT 0,X 


RECOMMENDED DEVICE ADDRESS ADDRESS ING TECHNIQUE 


FIGURE 13 
RDR EQL /1100 CONSOLE PAPER TAPE READER — 
TYP1L EQL /1107 TYPEWRITER NO. 1 3. 
RDR2 EQL /1101 PAPER TAPE READER NO. 2 
DIS EQL /2100 DIGITAL INPUT SCANNER 
AIS EQL /4400 ANALOG INPUT SCANNER 
'MCO EQL /4600 MULTIPLE CONTACT OUTPUT CONTROL 
TCO EQL /4500 TIMED CONTACT OUTPUT CONTROL 
DRUM EQL /4600 - DRUM 
kek * 
TYPE LDA CHARACTER ae 
OVT TYP1 


RECOMMENDED DEVICE ADDRESS ADDRESSING TECHNIQUE 


< 


FIGURE 14 ; . 
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1.4.3 


The select instruction, SEL, is never required in a normal system 
program, If the necessary switching and data tramsmission between 
the arithmetic unit and device cannot be accomplished within 24 
microseconds, a SEL must be given prior to the operation of the 
device. 


I/O CONTROLLER INSTRUCTIONS 


The GE/PAC 4050/60 I/O Controller instruction $DL combines the 
functions performed by RBL and #UT to transfer data directly from 

a list in memory to an output device without using the A-Register. 
If the B-Register is substituted for the A-Register in the descrip-~ 


tion of RBL and @UT, the composite function is identical to that 


performed by @DL. Similiarly, IDL combines the IN and AEL functions 
without affecting the A-Register. These instructions, when used 

in a device's non-inhibitable location(s), perform hardware block 
buffering of data between the list and the device. Figure 15 
illustrates format details. 


Output block buffering is accomplished in the following manner. 
The output program assembles output data into a list by AEL'ing 
each output item into a separate word of the list. The data 
format is the same as the QUT instruction. The device's non- 
inhibitable interrupt is then ACT'ivated. Whenever the output 
device is ready to receive data, it requests a non-inhibitable 
data interrupt. 


The $DL instruction in the device's interrupt location is executed 
when the interrupt request is serviced. The program counter is 
unaffected. If the list is not empty, data is removed from the 
list, transferred to the device's buffer register, and a device 
operation initiated. If the list is empty, a list-empty echo 
signal is transmitted to the program interrupt module. This signal 
requestsan inhibitable program interrupt. An SPB instruction in 
this echo interrupt location transfers program control back to the 
output program; additional data can be assembled into the output 
list, if required. When a hardware malfunction occurs, the data 
interrupt does not occur. This condition can be sensed by peri- 
odically executing the appropriate JNE instruction. 


Input block buffering is accomplished in an analogous manner using 
the IDL instruction. Input parity errors are interpreted as 
hardware malfunctions. 


The I/O list must be preceded by an I/O control word as shown in 
Figure 15. - 


hh 


~ 


Ready signal 
23 19 0 


Devices non-inhibitable 
Device ready interrupt 
location 


Devices inhibitable list- 


empty echo interrupt location 
23 19 0 


KR Echo signal 


Figure 15 - I/0 CONTROLLER INSTRUCTIONS 
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1s DATA COMMUNICATION 
1.5.1 DRUM MEMORY 


The GE/PAC drum is available for bulk storage in various sizes from 
16K to 256K words. Transfer is accomplished by full words, between 
any core address and any drum address. Transfer may be specified 
in blocks of N words (0 < N < 16K). 


Write protect pinboard, located on the drum cabinet, provides 
selective drum memory protection in blocks of 4K words Figure 16 
illustrates details. 


A program load option is available to provide pushbutton transfer 
of 18 drum words (drum addresses 00g oe 219) to core locations 
00g through 21g. 


Lesetet Instructions 


Four instructions provide program control. (DRUM EQL 2400, 
is the device address of the drum). 


OUT DRUM 


UT sets the drum's JNR signal not-ready and causes the drum 
controller to fetch the contents Y of location zero. Y is the 
address of a block of three consecutive drum control words. 
The drum controller performs a drum operation as specified by 
these control words. 


tee 


Location 00 ¥ O=Read ee, t% Starting 


1=Write i Drum Address 
y, 


Must be zero 
0 


Yi number of 
yy used words to 
WHT fl transfer 


Starting 
Core Address 


0 


4] ~ 


A parity check is made on each word as the transfer is accom- 
plished; the Drum Error Flip-Flop is set when a parity error is 
detected. The Drum Error Flip-Flop is reset by each new QUT 
instruction. If a parity error occurs during a drum operation 
the block transfer will halt uncompleted. The faulty word is 
written on drum for a core to drum transfer; it is now written 
on core for a drum to core transfer. The drum address of the 
faulty word may be computed by performing a field subtraction 
(see SFA instructions) of 1 from the least significant 9-bit 
field of the address displayed in’the drum address register 
loaded on the front of the drum cabinet. 


If a drum transfer operation is in progress when QUT is executed, 
the new QUT is ignored. 


JNR_ DRUM 


JNR transfers program control to the second sequential location 
if a drum transfer is in prograss; program is transferred to the 
first sequential location if the drum is not in operation. 


The JNR signal (test line 1) may optionally be connected to the 
Automatic Program Interrupt module to initiate a program interrupt 
when the signal changes from not ready to ready. 


JNE DRUM 


JNE transfers program control to the second sequential location 

if the Drum Error Flip-Flop is reset; it transfers program control 
to the first sequential location if the Flip-Flop is set (a 
parity error causing a drum operation abort has occurred). The 
Drum Error Flip-Flop is reset by: 


1. Pushing the DC POWER switch on the computer console to the 
initialize position. 


Zs Pushing the CLEAR ERROR switch on the system console located 
on the front of the drum cabinet. 


3. Each new QUT instruction 

ABT DRUM + :e 
ABT aborts any current drum operation following the completion 
of the current word transfer. The JNR signal will indicate 


"ready" (within 100 microseconds) when the drum operation is 
terminated, ABT is ignored if the drum is not in operation, 
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ACT DRUM 

ACT resets the drum ready signal for 8 microseconds. If the 
drum is not in operation and if the drum ready signal is con-~ 
nected to a program interrupt input, a program interrupt is 
requested. If the drum is in operation the interrupt is not 
requested. 


INTERRUPT OPERATION 
One interrupt operation is recommended, Program control is 
accomplished by an SPB instruction in an inhibitable interrupt 
location. The JNR (test line 1) signal is used as both the 
change and level inputs to a two-input program interrupt. 

_ ACT is used to conditionally request this program interrupt. 


1.Sek.2 Timing 


The time required to effect the transfer includes drum 
access time plus actual transfer time: - 


access time: variable - 0 to 16.66 MS 
transfer time: 0.0650MS per word 


When a drum transfer operation is in progress, the 
arithmetic units are slowed down by small percentages 
as shown in the following tables. 


a O ms access time 


N 2n7 


16.66ms access time 1% 


~ 


“16.66ms access time 


) 1024 2048 Oo. 1024 2048 


mumber of words transferred 


Figure 16 - ARITHMETIC UNIT SLOWDOWN 
(during drum operation) 


-49 ~ 


© 
oO 
oO 


SO © 3: © 0.-O: OO 
BOG 1; 6. ©. O- © 
OO 6 OOO. 0 © 
O: OF OO GO "© 


~~! 
jon) 


300 400 500 600 


foot 
i) 
Oo 
NO 
© 
oO 
~! 
OQ 
© 


PIN STORAGE 
OOOO 


OO) OO: G Or © 
O.20' OO © OO ©. 
O36 O OO: Oo Oo 
dO: © 30) OO OD Oro 

@ 

O 

O 

O 


nN 
~ 
jo) 
Wo 
~ 
co) 
As 
~ 
Oo 
ie) 
~~ 
Oo 
ON 
~ 
jo) 
ww 
~ 
oO 


Pin inserted protects; Octal address of first word of 
Pin removed unprotects. protected block of 4096 words 
_ is 560000. 


Figure 17 - DRUM WRITE PROTECT PINBOARD | 
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1.6 


1.6.1 


PROCESS COMMUNICATION — 


DIGITAL INPUT SCANNER 


The Digital Input Scanner (DIS) is a solid state device which reads 
groups of 21 logic variables into the A-Register. The logic vari- 
ables normally indicate the status (true/false, yes/no, set/reset, 
open/closed, on/off) of various process system control devices such 
as relays, valves, and motors. Indication of the status of various 
components within the GE/PAC computer system is another typical 
application of logic variables. 


23.9 22 21 £20 19 2 1 0O 
ha bak Bed) ied tees ie 
Digital Input (A-Register) Format 


Certain inputs may be subject to short circuit conditions. In this 
event, the project engineer may provide fused protection of the input 
circuits. One fuse protects 20 logic inputs in a group; the 21st 
input (Lo 9) indicates the status (good/blown) of the fuse. Indica- 


- tion of 4 good fuse (L,, = 1) does not necessarily imply that the 


corresponding data is valid. Log = 0 implies bad data. 


The DIS is packaged in standard configurations of 168, 504, and 
1344 inputs: \ 


Number of Inputs Group Number K 


1 to 8 groups, 21 inputs each 00, thru 07. 


1 to 24 groups, 21 inputs each 00, thru 27, 


1 to 64 groups, 21 inputs each | 00, thru 77 


An option provides change detection on a group and provides a true 
signal when any of the 21 variables of the group changes state. 

The isgnal may be connected to a program interrupt input or may be 
connected as a DIS input to be treated as a logic variable itself. 


Figure 19 presents two coding examples of DIS usage. Figure 19a 
asks a digital question. Further information on the evaluation of 
a Logic equations is presented in paragraph 1.3.3. Figure 19b is 
a scan for digital alarm routine. Seven consecutive groups are 
scanned. Selected points are alarmed (printed in red) when they 
change from normal to off-normal and alarmed again cpetated in 
black) when the return to normal. 


4 
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057 ..: 


no 


READ DIS, 
GROUP K, 


WAS READ 
VALID? 


DETECT POINTS WITH 
CHANGED STATUS, 
DETERMINE WHICH IS 

IN ALARM CLASS, 


ANY POINT TO 
BE ALARMED? 


COMPUTE ONE 
DIGITAL POINT 
INDEX 


DETERMINE 


TYPE OF CHANGE 


DIGITAL ALM, 
. SUBROUTINE 


Figure 18-- SCAN FOR DIGITAL 


ALARM 


‘REMEMBER 
GROUP STATUS 


IS K > 02 


1.6.2 


Operation of the DIS requires one instruction: 


IN DIS +K 


IN replaces (A 0-0? by the qth group of 21 logic variables. Bits 
Ao3: A 2? and Ro are set to zero. DIS is the device address of the 
pigital Input Scanner and must be defined by an EQL Pseudo-Op. The 
range of the group number Kis O<¢K< 71: 


Values of K greater than 77, modify the device address, becoming an 
indeterminate program bug. - 


ANALOG INPUT SCANNER 


Quantities (temperatures, rates of flow, weights, pressures, etc.) 


are transduced into voltages by analog input devices. The Analog 
Input Scanner (AIS) is a module which controls the selection and 
conversion of these voltages into numeric count values. 


The functional relation between the numeric count value and its 
corresponding physical quantity is one of several forms depending 
upon the specific Input Sensor Device utilized. One AIS operation 
nominally requires 25 milliseconds. The AIS is not directly used 
by a functional program. Analog values are read by queueing request 
to a scan control program. 


The Analog to Digital Converter (A/D Converter), which measures the 
input voltage and generates an equivalent numeric count value, is 
the heart of the AIS. Two different types of A/D Converters are 
available in GE/PAC scanners: 
. 
Successive Approximation A/D Converter. 
Integrating A/D Converter 


Each AIS module must have one of the above types; it may not have 
both. If both types are required in a given application, two 
GE/PAC scanner modules must be supplied. Refer to paragraph 1.6.3.1 
for description of each type. . 


The scanner is operated by outputting a scan command word (Figure 
20) from the Arithmetic Unit (@UT, @DL instructions). Detailed 
operating instructions are presented in paragraph 1.5.3.3. 


There are two modes of operation as seen from the program control 
viewpoint ;: 


1. Addressing of inputs individually. 
2.. Addressing of inputs in sets of N (N=2,4,8) 
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DIS CON /DDDD DEVICE ADDRESS 
LDX DIS ,4 
IN 3,4 READ DIS, GROUP 3 
TEV 20 B IF (VALID READING) --,INVALID,010 
BTS INVALD 7 
TOD 5 010 B IF (BIT5 * BIT 20) --,020 
REV 20 
BTS (TRUE) 
FALSE 020 
Figure 19a - EXAMPLE OF DIGITAL QUESTION 
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K EOL 
L EQL 
I EQL ~~ 
DIS  EQL(DEVICE ADDRESS) 
DSA —s LXK 6,K 000 K=6 . 
LXK 120,L L = 6 * 20 
DSAA IN DIS,K 005 READ DIS, GROUP K 
TEV 20 B IF (VALID READING) -~,INVALID,010 
BTS INVALD 010 
STA TEMP SAVE GROUP. 
ERA DISVAL, K DETECT POINTS WITH CHANGED STATUS. 
ANA ALARM,K DETERMINE WHICH ARE IN ALARM CLASS. 
DSAB - TZE 015 B IF (ANY POINTS TO BE ALARMED) -,30,2 
BTS DSAD 7 
IAL - 020 DETERMINE WHICH ONE 
CLZ 
LXC I BIT I 
PAI 7 
RBK 0,1 RESET BIT I AND SAVE 
STA TEMP1 fe 
LDA L COMPUTE DIGITAL POINT INDEX J = L4+I | 
ADD I 
STA J 
DISC LDA TEMP DETERMINE TYPE OF CHANGE 
ERA NORMAL, K 1 = NORMAL TO OFF-NORMAL (RED) 
IBK I 0 = RETURN TO NORMAL (BLACK) 
STA COLOR 
SPB CALL DIGITAL ALARM ROUTINE 
LDX J,3 CALLING SEQUENCE (POINT NUMBER) 
LDA COLOR CALLING SEQUENCE (COLOR CODE) 
LDA TEMP1 GO TO 015 
BRU DSAB 
DSAD LDA TEMP - 030 REMEMBER GROUP STATUS 
STA DISVAL,K 2 
INX -20,L L=L - 20 
DMT K K=K-1l 
BTS DSAA IF (K) 040, 005, 005 
(EXIT) 04.0 
TEMP BSS 1 
TEMP1 BSS 1 . 
DISVAL BSS 7 ~ CURRENT STATUS OF DIGITAL INPUTS, 
' NORMAL BSS 7 NORMAL STATUS OF DIGITAL INPUTS. 


ALARM BSS 7 ALARM CLASS OF DIGITAL INPUTS. 
X__1 = ALARM, O = DO NOT ALARM - 
Figure 19b - SCAN FOR DIGITAL ALARM ROUTINE 
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Any AIS can be used in the first mode. The second mode is limited 
to use with scanners having the automatic group advance option. 


Each Scan Command Word (SCW) uniquely defines a single analog input 
when the AIS is used in the single input mode. A zero in Bit 18 

of the Scan Command Word indicates this mode. Each group may con- 
sist of a maximum of 256 inputs. 


Each Scan Command Word specifies a set of N-W analog inputs when 

the Scan Command Word indicates this mode. The initial $UT instruc- 
tion results in the conversion of the addressed input (group W). 
Succeeding IN instructions increment the group address and produces 
conversion of the inputs in groups Wtl, Wt2,.. and N-l. 


The group input mode of operation allows a higher scanning rate than 
the single input mode. Scanning rates are summarized in the follow- 
ing table: 


NOMINAL SCANNING RATES (points per second) for All-Core Monitor 


Successive Approximation A/D Converter (Hg Relays) 


Single Input Mode Group Input Mode 
wo 2 pts/group 4 pts group 8/¢g 


SN 


Free-Running Scanner 50 7 90 140 200 
4040 Programmed Control ~ 45 82 127 
4060 Programmed Control 49 87 | 140 
Integrating A/D Converter (Hg Relays) 

Single Input Mode Group Input Mode 

- « 2 pts/group 4 pts/group 8/¢g 
Free-Running Scanner 28 N/A N/A N/A 
4040 Programmed Control —— — N/A N/A N/A 
4060 Programmed Control 24 N/A N/A N/A 


Figure 20 - SCANNING RATES 


To permit successful operation of the AIS in the group input mode, 
all points to be so used must be grouped (arranged so inputs with 
like matrix and point addresses (SCW,,_,) have the same voltage 
scale). Since this process involves the participation of custom- 
ers, Engineering, Marketing and Programming personnel, the group © 
input mode should not be needlessly used; this avoids an unnecessary 
expense to the customer. Points to be used in the single input mode 
can be arbitrarily grouped. 
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1.6.2.2 


Analog to Digital Converters 


The successive approximation A/D converter successively 
generates the sign and each of 12 bits of the count value 
by comparing the input voltage to known signed voltages. 
The conversion operation is accomplished in approximately 
700 microseconds. The resulting numeric count value 
represents a voltage value which occurred sometime during 
the 700 microsecond period. The count value is placed 
right justified into C5326" 


. The integrating converter generates a sequence of pulses 


whose instantaneous signed pulse rate is directly 
proportional to the instantaneous signed input voltage. 

A counter circuit accumulates the number of pulses occur- 
ring during a known period of time (integrating time) and 
places it right justified into C,, .. It is an integrated 
average over the specified time period. 


The successive approximation converter is considerably 
faster than the integrating converter. It measures 
instantaneous voltage and is sensitive to noise errors. 
Therefore, every input signal is usually filtered 
through an individual resistance-capacitance filter 
circuit. Unfortunately these circuits frequently | 
introduce another type of error called common mode. 

The advantage of the integrating converter is that it 
tends to filter the input signal; filter circuits are 
not always necessary. 


Specification of the Scan Command Word and C-Register Formats 


The various fields which compose these formats are described 
in this subsection. - 


Sensor Address (SCW_16-7) = = 


Bits 16 thru 7 uniquely define a single analog input. 
Bits 16 thru 15 specify the inputs group address. 


Operation Mode(SCW 18~19) 


Bit 18 specifies the mode of operation. 


Voltage Scale Control (SCW2-0) 


Bits 2-0 specify the voltage range (-FSV volts to + 

FSV volts) within which the input voltage-is presumed to 
lie. The scanner generates (in the C-Register) a signed 
numeric count value proportional to the input voltage when 
the voltage lies within this range. If the voltage is 

not within the specified range, a signed maximum count 
value is generated and the converter overflow kit(s) is 
set. To obtain maximum precision, the voltage scale should 
be chosen so that the magnitude of the input voltage falls 
between 3} FSV and FSV. 
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The measured numeric voltage is equal to: 


Successive Approximation Converter: 


: _ FSV * numeric count value 
numeric voltage =000 


Integrating Converter: 


FSV *numeric count value 


numeric voltage = Fy scale counts 


Operation Control (SCW 6-5) 


Scanners with the successive approximation converter only 
measure DC voltages. Scanners with the integrating 

converter measure either AC or DC voltages and can be used to 
measure the pulse rate of non-continuous voltages. AC 
measurements are restricted to multiples and submultiples 

of 60 cycles (50 cycles when using a 50 cycle converter). 


Integrating Time Control (SCW 4-3) 


This field is applicable only to scanners with integrating 
converters, Refer to paragraph 1.6.2.1 for a discussion 
of its usage. 


Unused Fields (SCW 23-20, SCW_17) 


These fields are reserved for future use with automatic 
scanning functions. In specific applications, program 
information may be placed in the fields. 


Converted Count Value (C23~6) 


The two's complement representation of the converted 
numeric count value is placed in C,, .. The AIS is 
fully compatible with GE/PAC two's tomplement fixed- 
point arithmetic. 


7 


Error Indicator Bits (C2-0) 


Bits C are error indicators associated with the 
preceding scan operation. o- 
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010 


011 


100 


101 


110 


111 


Last Scan Operation 


No error. Count valué is valid. 
Scanner overload error. Count value is meaningless. 


This is a rare hardware failure within the point 
selection circuitry of the Common scanner control. 
A scanner overload alarm message should be printed 
with the point address. The AIS may or may not 

be usable for reading other analog inputs. 


Undefined (hardware error) 


Integrating A/D Converter: 


An open or high resistance thermocouple was 
detected during the last scan operation. Count 
value is meaningless. An alarm message should 
be printed. 


Undefined (hardware error) 
Converter Overflow: ‘count value is maximum, 
but meaningless. 


Ms 


Undefined (hardware error) 


Successive approximation A/D Converter: 
converter overflow error. If the input device 
was a thermocouple, this may be indicative of 
an open or high resistance thermocouple. Count 
value is maximum value, but meaningless. 


Integrating A/D Converter: 
Both converter overflow and open thermocouple 
errors. Count value is meaningless. 


758 


SCAN COMMAND WORD (Successive Approximation Converter) 


0} 


| eee 


20; 19-18) 17-_---___ 15 14 13 12°11 10 9 8 76 —— 312 


reserved group matrix point must |voltage 
for address address address be Scale 
upward W M/N P/Q zero |Control 
compati- 

bility J 


i 


single Input mode ; 
group Input mode (2 or 4 points per group) 
single Input mode 

group Input mode (8 points per group) 


\{ 00 
01 
10 
11 


SCAN COMMAND WORD (Integrating Converter) 


23 ———— 20) 19-18 a 15,14 13 12 11,10 9 8 7 {6 ——5)}4 —___ 


reserved group matrix point oper~- j} inte- voltage 
for address address address jation | grating | scale 
upward W M/N P/Q con- time control 
compati- trol control 
bility 

C-REGISTER 

23 |22 66 4 3|24140 


S) Converted integral count value Zero 
(2's complement representation, 
scaled B17) 


Scaled offset corrected count vee 


-If integrating converter: 
converter overflow indicated 


_ If successive approximation: 
converter overflow or open 
thermocouple indicated 


“If integrating converter: 
open thermocouple indicated 


If successive approximation: 
xeros indicated 


Scanner overload or converter 
overflow or open thermocouple 
indicated 
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Voltage Scale Control 


a enemaaameanen 


FULL SCALE VOLTAGE (FSV) 


AA ney RE nm areata ielmatncetnanhah Niall ntetctet i nonnts ors)/ Asif hintaan! ei Nitin gire tn nyenht in mihi ste iernettntrnneen nhs 


Model 4127 VIDAR 
(PRESTON) High-Level | Model 4135 
Amplifier Integrating 
Converter 


80 
160 
320 
640 
ae 

10 
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Operation Control for Integrating Converter 


Mode of Operation 
Voltage, DC 
Voltage, AC 
Voltage, DC with open thermocouple detection. 
Count pulses per unit integrating time. 


Full scale counts Operation time (MS) 
at 1000 KC count rate _ Single input mode 


50 cycle | 60 cycle 
1:16,667 | 1:20,000 
1:33,333 | 1:40,000 
£465,535 -|. 17655535 
1;65,535 | 1:65,535 


Figure 21 - AIS CONTROL AND DATA FORMATS 
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GPR AIS 


Instructions 


Program control over the AIS is accomplished with the 
following instructions: 


GUT AIS 


GUT transfers a scan command word from the A-Register 
to the AIS scanner command register T, resets the scanner 


-ready and data ready signals, and initiates one complete 


scan operation (connection of a specified input point to 
the scanners voltage measuring circuitry, signal amplifi- 
cation if required, and conversion to an integral count 
value). The time required to effect the operation depends 
upon the A/D converter. The successive approximation 
converter requires approximately 20 milliseconds; the 
time for the integrating converter depends on the inte- 
grating time specified. When the operation is completed, 
the data ready signal is set. This signal may be used to 
request a program interrupt. G@UT may be executed at any 
time; if the AIS is in operation, this previous operation 
will be aborted. The contents of A are preserved by this 
instruction. 


2 


GPR causes the AIS to go through one partial scan opera- 
tion. In the single input mode, a reconversion is made 
on the previously specified input point. The data ready 
signal will be set in approximately 750 mas with the 
successive approximation converter, and the integrating 
time with the integrating converter. 


In the group input mode, the group address is reset to 


zero and reconversion occurs. -The successive approxima- 


tion converter sets the data ready signal for the input 
of group 0 in 3 MS. The integrating converter sets the 
signal in the specified integrating time plus 2 MS. @PR 
may be executed at any time; any previous operation is 


‘aborted. : / 


IN AIS 


IN transfers the count value and error indicator bits 

from the scanner converter C-Register into the A-Register. 

The contents of the C-Register are not destroyed. In 

the group input mode, the data ready signal is reset, 

and conversion of the input in the next group is initiated. 
The data ready signal for this next input occurs in 1.7 MS 

with the successive approximation converter. 
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1.6.2.4 


IN may be executed at any time. However, if the data 
ready signal were reset, the transferred data is 
meaningless. 


The execution of IN, to transfer the count from the 
last group, (the addressed group if the single input 
mode) sets the scanner ready signal. This signal may 
be used to effect a program interrupt. Any additional 
IN will reread the count from the last group and 
initiate a reconversion of the input in the last group. 


JNR_ AIS 


JNR transfers program control to the second sequential 
location when the data ready signal is reset. If the 
signal is set, program control is transferred to the 
first sequential location. 


JNE AIS 


JNE transfers program control to the second sequential 
location if an error has not occurred during some pre- 
ceding scan operation; otherwise program control is 
transferred to the first sequential location. The 
error Flip-Flop is reset by JNE. 


“ACT AIS 


~ 


ACT forces the scanner ready and JNR signals to be reset 
for 16 us. If the scanner is ready and if the scanner 
ready (JNR) signal is a program interrupt input, this 
program interrupt is requested; otherwise the interrupt 
is not requested. 


Interrupt Operation 


a. Single interrupt operation 
Hardware required: .. & 
One 2-input program interrupt 
Change input: JNR signal 
Level input:  JNR signal 


Program required: 

SPB instruction in interrupt location 
1 1/0 buffer driver program 
1 Scan command buffer list 
1 Data buffer list 


b. Three interrupt operation (GE/PAC 4050/4060 only) 
Hardware required: 
_GE/PAC 4050/4060 Arithmetic Unit 
One 2-input program interrupt 
Change input: Scanner ready signal (RDY2) 
Level input: Scanner ready signal (RDY2) 
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1.6.2.5. 


1.6.2.6 


One 2-input program interrupt 
Change input: Data ready signal (RDY1) 
Level input: Data ready signal (RDY1) 


One l-input program interrupt 
Change input: Q@DL list-empty echo signal 


Program required: 
@DL instruction in scanner ready interrupt location. 
IDL instruction in data ready interrupt location. 
1 Scan command buffer list 
l Data buffer list 
SPB instruction in echo interrupt location. 


Analog Input Point Addressing Schemes 


Each input is subject to three different identification 
schemes : 


1. System address (e.g. BF1OL) 
This address is assigned by the customer and/or the 
system analyst. 

2. Termination (scan command) eadneus (WIMNEQ) 
This address is assigned by the system engineer and 
refers to the location of the termination point in 
the AIS termination rack. 

3. Point index . 
This address is assigned by the programming analyst. 
It should render a functional relationship to the 
System Address. 


Accuracy in Measurement of Analog Quantities 


Measurement of.an analog quantity involves four separate 
steps; each step contributed to measurement inaccuracies. 


1. Conversion of the analog quantity to an analog 
voltage by a transducer. Equations defining 
this relationship for standard transducers are 
usually accurate to no more than 4%. Additional 
accuracy can be obtained by individual calibra- 
tion of each sensor,’ 

2. Transmission of the analog voltage from the sensor 
to the AIS. Errors are introduced by voltage drops 
and electromagnetic inductive effects (noise). 
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3. Conversion of the analog voltage to a numeric voltage 
by the AIS and read-in of this numeric value into 
the computer memory. The conversion process is 
subject to several errors which can be corrected by 
program. Details are given below. 

4, Conversion of the corrected numeric voltage to a 
numeric quantity corresponding to the original 
analog quantity. The computer program uses the 
inverse to the equation referred to in 1 above, 


The GE/PAC scanner can be programmed to convert an input 
voltage into a numeric count value that differs from the 
true voltage value by no more than 0.001*(full scale voltage). 


Inaccuracies in measuring input voltages by a GE/PAC scanner 
are determined by the algebraic sum of three types of errors. 
These errors are gain errors (errors in the slope of the | 
input-output relationship), offset errors (the degree by 
which the intercept does not go through zero) and repeat~ 
ability errors (noise). This total error, which is 
approximately 0.005*(full scale voltage), is subject 

to reduction by programming techniques. 


Offset errors can be reduced by making weighted average 
; _ measurement / on a short circuit (zero input) and reducing 
‘all other readings by this measured offset value. The 
equation for this is: 2 


True reading = actual reading - offset reading 
(signed offset and actual readings are made on 
-the same voltage scale). Z 
Gain errors can be reduced by making weighted average 
measurements’ on a known reference voltage and all read- 
ings corrected by multiplying by a gain correction 
factor calculated from this reading. 


) 
: fi Reference voltage actual count - offset count 
Gain correction factor = 


Theoretical count for reference voltage 


Where reference voltage actual count and offset count are 
made on the same scale and theoretical count. for reference 
voltage is calculated by: 


Theoretical count for reference voltage = 
(Reference voltage) * Full scale count 
Full scale volts 
7 - A suggested weighted average.is 7/32 * (sum of last four readings)+ 
1/8 * (new reading) when a reading is made once every 20 seconds. 
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Once the gain correction factor is determined, all other 
readings should be corrected by multiplying by this 
factor: 


True reading = (actual reading -- offset) * (gain correc- 
tion factor) (all measurements are made on the same 
voltage scale) 


Repeatability errors can be reduced by digital filtering. 
This is the process of averaging a number of,readings to 
minimize the effects of noise in the system. 


The gain correction factor and the offset correction term 
both vary as a function of time and temperature. There- 
fore, measurements must be made often to determine these 
quantities to maintain small changes between measurements. 
Experience indicates an interval of approximately five 
minutes is reasonable under normal environmental condi- 
tions. If the machine is located in an_environment where 
temperature changes are very rapid (0.5°F/min.) shorter 
intervals are desirable. 


The degree of improvement in each of these error terms is 

dependent upon several external effects but generally 

speaking improvements in the gain errors can be 5 to 1; 
improvements in repeatability errors can be 2 or 3 to l. 


The offset error improvement is more dependent upon the 
scale used. On more sensitive scales the improvement 
may be as high as 5 to 1 also. 
A special type of scanner measurement error occurs when- 
ever the scan operation results in a converter overflow 
(the input voltage magnitude exceeds the specified full 
scale voltage). The resulting numeric count value is 
meaningless. Furthermore, the voltage value measured 

in the next scan operation may be in error because of 
residual effects from the preceding voltage overload. 

The magnitude of this error is a function of this voltage 
overload, but should never exceed 0.01 * (full scale 
voltage). : 


: If this error is unacceptable, then a dummy scan 
(preferably of an offset value) may be inserted 
: following the converter overflow to absorb the 
residual voltage effects. 


8-4 suggested weighted average is 7/32* (sum of last 4 readings) + 1/8%* 


(mew reading) where a reading is made once every 20 seconds. 
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1.6.3 


MULTIPLE OUTPUT DISTRIBUTOR 


The Multiple Output Distributor (MOD) consists of a Multiple 
Output Controller and output functions. The Multiple Output 
Controller (MOC) module outputs data from the arithmetic 

unit to output functions within the MOD. The output functions 
remember the data, and control the following output devices: 


1. Display output devices 
2. Binary output devices 
3. Analog output devices 
The MOD operates through a command word prom the computer to 


the MOC command register. 


13 ee OL 


Output function 


group address 


Reserved for software 
: use. Refer to para. 
me 1.6.3.3 


{- Operation delay time 
MOD Command Word Format 


The MOC transfers the data to the memory of the output function 
specified by the command word group address. The MOD is then 
ready to accept another output. If the output function's 
memory is electromechanical, the transfer operation requires 

4 milliseconds; if solid state, the transfer requires 40 
microseconds. 


Overload detection circuitry will abort the output operation and 
set a MOD overload indicator if the MOC attempts to select 


more than one output function address. 


The MOD is usable with 0 or 1 program interrupts. One interrupt 
is required for efficient on-line operation. 
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The 


MOD is available in the following sizes: 


Number of Outputs Output Function 


~ 


1 


1 


1.6.3.1 


Group Addresses 


to 8 groups, 16 outputs each 


to 16 groups, 16 outputs each 


32 groups, 16 outputs each 00, thru 37 


64 groups, 16 outputs each 00, thru 


Instructions 


MOD program control is accomplished ee a the oe 
ing instructions: 


~ 


GUT /MOD — 


GUT transfers~a command word from thé A=Register to- 
the MOC command register. It then initiates transfer 
of the data portion of the command word to the output 
function specified by the address portion of the com- 
mand word. The contents of the A-Register are un- 
changed. Bit 7 of the command word specifies one of 
MOC delay times. The delay time must be long enough 
to allow the transfers to occur. If a MOD overload 
occurs, the output operation is aborted and the 

ready signal is set after the specified delay time, 
GUT may be executed at any time; if the MOC is in 
operation, the new operation is ignored. 


JNR MOD 


ne 


' JINR ee ne program control to the esona sequential 


location if the normal ready signal is reset. If it is 
set, program control is transferred to the first sequen- 
tial location. 
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1.6.3.2 


' ACT MOD 


ACT resets the ready signal for 8ys. If this signal. is 
a program interrupt input and the MOC is not in operation, 
a program interrupt is requested. 


JNE MOD 


JNE transfers program control to the second sequential 
location if a MOD overload did not occur during a 
preceding output operation. Otherwise, program control 
is transferred to the first sequential location and the 


-MOD overload indicator is reset. - 


INTERRUPT OPERATION 


Single interrupt operation is recommended. The ready 
signal (test line 1) is used as the input to an in- 
hibitable one-input program interrupt. Interrupt is 
conditionally requested by the ACT instruction. 


Output Functions 


Three standard output functions are described below. 
The memory elements in each are bistable latching 
relays. The relay requires less than 4 MS to switch 
positions. Ko 

The function group address does not uniquely specify 
an output function. Consequently, several output 
functions could have the same output function group 
address. os 


1. Display Output Function 


This function provides the control for one BCD 
display digit (including 4 bit BCD to decimal 
conversion if required). It requires 4 data bits _ 
of an MOD command word. : 


2. Binary Output Function 7 
This function provides control for 8 logic 
(binary) outputs corresponding to 8 data 
bits of the MOD command word. 


3. Analog Output Function . “ 
This function provides control for conversion 
from a 10-bit positive binary integer in a MOD 
command word to an analog voltage output. 
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Normally, one or more levels of electromechanical or 
pneumatic control exist between the output function and 
the actuating device. Consequently, the output function 
is not the final output actuating device. The MOD ready 
signal cannot be used to indicate the actual time of 
output action, nor as proof that the output will actually 
occur, If reliability considerations require, a set of 
contacts may be attached to the actuating device. Its 
status may then be read by the digital input scanner. 


1663.63 On-Line Programming Usage 


All outputs (program control viewpoint) are initiated 
by an MOD driver subroutine, never by the originating 
subprogram. Each output has one of two relationships 
to the originating program: 


1. Program continuation is independent of the output; 
therefore, the originating program is not notified 
when initiation of the output operation is completed. 


2. Program continuation is dependent upon the output; 
therefore, the originating program must be notified 
when initiation of the output operation is completed. 


The originating program uses.Bit 6 of the MOD command 
word to specify which relationship applies to that out- 
put. Figure 22 presents the flow chart and coding 
applicable to MOD usage. 
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ENTER WHEN 
READY OCCURS 


ERROR DETECTED | DIAGNOSTIC 
IN LAST OUTPUT? | ACTION | 
ee ee 
no 
WAS BIT 6 no TURN ON 
OF REMEMBERED ORIGINATING 
PROGRAM 


OUTPUT FROM 
LIST 


REMEMBER ourrur. | 
no SET NORMAL READY 


WAS LIST — 2 
EMPTY ? RETURN. | 
INITIATE OUTPUT. 
yes 


vk! 
SS 


-Figure 22 - MULTIPLE OUTPUT DISTRIBUTOR DRIVE 
ROUTINE ; 
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* INTERRUPT BRANCH VECTOR LOCATION 


SPB MODDRV | 
* MOD DRIVER ROUTINE-~- 
MODDRV STX MODX,1 00 
MOD = EQL 

STA SAVEA 

JNE MOD 

BRU DIAGNOSTIC 

LDA MODCOM 10 

TEV 6 

BTS MOD20 

RBL MODLST 20 

NOP 

STA *+3 

LDZ 

SPB TPNCO1 

BSS 1 


MOD20 RBL MODLST 30 


BRU MOD40 
STA MODCOM 40 
RBK 6 
OUT MOD 
MOD40 LDA SAVEA 50 
_ LPR MODX 
MODLST CON 0,0000000L 
BSS L 
MODX BSS 1 
SAVEA BSS 1 
MODCOM BSS 1 


mM oe pS 


INHIBITABLE- IF NORMAL READY SIGNAL 


DEVICE ADDRESS, 


IF (ERROR DETECTED IN LAST OUTPUT)--, 
10, DIAGNOSTIC ROUTINE, 

IF (LAST OUTPUT A NORMAL OUTPUT) --, 
20, 30. 


REQUEST TURNON OF ORIGINATING PROGRAM 


CALL MONITOR-TURN-PROG RAM-ON-SPR( 

O, PROGRAM-NUMBER) . 

FETCH NEXT OUTPUT COMMAND WORD, 

IF (LIST EMPTY) -~, 40, 50. 

REMEMBER OUTPUT COMMAND WORD. 

FORCE NORMAL READY SIGNAL. 

INITIATE OUTPUT OPERATION, . 

RETURN TO INTERRUPTED PROGRAM, 
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1.7 PERIPHERAL COMMUNICATION 


The ability for plant operating personnel to communicate with 
the digital computer is called peripheral communication. This 
chaper describes the 4201 Peripheral Buffer, the instructions, 
and interrupt operation. 


1.7.1 Peripheral Buffer 


The peripheral buffer controls peripheral device operation, 
Control information flows from the I-Register to the peripheral 
buffer module. Data information flows by character between the 
arithmetic unit and the module. 


Peripherals available for use in the buffer are: 
Paper tape reader, input 
7-bit binary 


Photoelectric 


Paper tape punch, output 
7-bit binary 


Fixed carriage typer, output 
6-bit BCD 


Long carriage typer, output 
6-bit BCD 


Fixed carriage typer, Input/Output 
6-bit BCD % | . 


Card reader, input 
12-bit binary 


A maximum of eight peripherals can be attached to the peripheral 
buffer. One of these must be a paper tape reader. 


The peripheral buffer can be connected to any channel; several 
buffers can share the same channel. However, to use the 
standard load program, the buffer for console peripherals will 


use device addresses I1DD,. 


ral 


Each peripheral buffer provides eight device addresses: octals 
DDOO through DDO7. Console peripherals have standard addresses. 
Other peripherals are assigned addresses by the requisition engineer. 


€ 
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Console Devices Standard Addresses 


Paper tape reader ° 1100, 
Paper tape punch 1101, 
Fixed carriage typer 1102, 


The normal operation of a peripheral device is described in 
the following: 


1. Operation Initiation 
The operation cycle is initiated by an IN (GUT, IDL, GDL) 
instruction, The following actions occur: 


1. One character of data is transferred (see IN (GUT) 

° below) 

2. Peripheral buffer becomes unavailable (the PBA 
Signal is reset) 

3. Device becomes not ready (the device's ready 
signal is reset) 

4, Device's deadman timer begins timing 

5. Mechanical operation of the device begins 


2. Peripheral Buffer Availability 
The device requires the peripheral buffer only during the 
first portion of its operation cycle (see Figure 24). 
The device will then release the peripheral buffer and 
allow it to become available (the PBA Signal is set). At 
this time the buffer can be used to initiate the operation 
of any peripheral that may be ready. 


3. Operation Completion 
Upon completion of the device's operation cycle, the 
following actions occur: 


1. The device becomes ready (the device's ready signal is 
set). 
2. The device's deadman timer is turned off. 


Each peripheral has an independent deadman timer which detects 
and indicates device failure to complete its operating cycle. 
When a device fails to turn off its deadman timer within 4 to 
8 seconds after an operation initiation, the device's deadman 
error indicator is set. If the failure occurs prior to 
peripheral buffer availability, the peripheral buffer remains 
unavailable until released by the.execution of a JNE instruction. — 
If the failure occurs after the PBA signal is set, the buffer 
can be used to operate other peripheral dewices. In either case 
the device's ready signal remains reset until the proper JNE 
instruction is executed. 


ya 


More than ninety percent of all peripheral failures occur prior 
to peripheral buffer availability. These errors may be due to: 


1. 


bed tlk 


The attempted operation of a non-operable device. A device 

is non-operable if it has a mechanical defect, lacks AC power, 
lacks DC power, is non-existant, or has been switched off-line. 
A non-operable device normally appears ready (device ready 
signal is set) until an attempt is made to operate it. 

The attempted outputting of an illegal character to a type- 
writer (an illegal character will not necessarily cause a 
failure on certain types of typewriters.) 


Tnstructions 


JNR_ 25X6DD00 

JNR transfers program control to the second sequential location 
when a peripheral device attached to the addressed peripheral 
buffer is in operation. If all of these devices are ready, 
program control is transferred to the first sequential location. 
The test implicity indicates whether or not the last initiated 
operation (IN, SUT, IDL, #DL) is completed. 


The JNR signal is the logical AND of the individual device 
ready signals for all eight devices. A non-operable device 
will test ready. 


The JNR signal my optionally be connected to the Automatic 
Program Interrupt module to initiate an interrupt whenever the 
signal changes from not ready to ready. The PERIPHERAL READY 
lamp, on the computer console illuminates when any device is 
not ready. | 


dur 2504Dpo0D 


The @UI instruction may bg executed at any time to transfer 

the right-most seven bits’ of the A-Register to the N- 

Register within the peripheral buffer, and initiate one operation 
of the addressed device. The previous contents of the N-Register 
is lost. The contents of the A-Register is not changed. Although 
QUT may be executed at any time, no action occurs if the peripheral 
buffer or the addressed device is in operation. If the output - 
device is a paper tape punch, odd parity is generated on seven bits 
and is punched as a bit in an eighth channel. - 


ae the addressed device is a card punch or card reader, 12 bits of data 
are transferred. . 
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Figure 26 lists ‘the standard typewriter character set, and 
typewriter codes. 


Figure 23 lists the standard punched paper tape format. 


IN 2505DDOD 

The IN instruction transfers the current contents of the 
addressed device's read mechanism to the rightmost seven 
bits*~ of the A-Register and initiates one operation of 

the addressed device. The remaining bits of the A-Register 
are set to zeros by this instruction. 


Although IN may be executed at any time, the information 
transferred is meaningless if the addressed peripheral 
buffer or device is not ready. The operation of the 
addressed buffer and device is unaffected, the peripheral 
buffer error indicator is set and the PB ALARM lamp is 
turned on. 


If the input device is a paper tape reader, these seven 
data bits are checked for odd parity. Even parity sets 
the peripheral buffer error indicator and illuminates the 
PB ALARM lamp. The lamp can be turned off by depressing 
the CLEAR switch. IN should be immediately followed by 

a JNE instruction to check for correct parity. 


JNE PERIPHERAL 2507DDED 

JNE transfers program control to the second sequential 
location if the error indicator(s) specified by E is 
reset. If the specified error indicator(s) is set, pro- 
gram control is transferred to the first sequential 
location and an action specified by E is taken. - 


Se the addressed device is a card punch or card reader, 12 


bits of data are transferred. 
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E Error Indicator(s) Action - 
0 None None 
1 Addressed Device's 
Input Demand Flip-Flop Reset Input Demand Flip~Flop 
2 Addressed device's 
deadman error indicator None 
3 Addressed device's 
deadman error indicator Reset Deadman Error Indicator 
4 Parity Error Flip-Flop None 
5 Parity Error Flip-Flop “Reset Parity Error 
6 Any deadman error 
indicator in the addressed 
peripheral buffer or the | 
Parity Error Flip-Flop None 
7 Addressed device's Deadman Reset deadman error indicator; 
error indicator or the Reset parity Error Flip-Flop 


Parity Error Flip-Flop 


ACT PERIPHERAL _2501DDOD 


ACT forces the addressed device's ready signal to be reset for 
8 ws. If the device is ready and if this ready signal is a 
program interrupt input, the device's program interrupt is 
requested; otherwise the interrupt is not requested. 


If all peripheral devices are ready and the JNR signal is a 
program interrupt input, the JNR program interrupt is requested; 
-otherwise the interrupt is not requested. 


L327 -.152 Interrupt Operation 


Single Interrupt Operation (one peripheral at a time 

The peripheral buffer, with the JNR signal connected to the 

API module and one buffer driver program IDL or ODL instructions), 
operates one device at a time. Interrupt is conditionally 
requested by the ACT instruction. . 


GE/PAC 4040 

Hardware Required: 

One 2-input program interrupt 
Change input: JNR signal (Test Line 1) 
Level input: PBA signal 

Program Required: 

SPB instruction in interrupt location. 

One I/O Buffer driver program 

One I/0 Buffer list. 
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GE/PAC 4060 


Hardware Required: 
One 2-input program interrupt 
Change input: JNR signal (test ees 1) 
Level input : PBA PBE signal 
Program Required: 
IDL (@DL) instruction in non-inhibitable interrupt location 
One I/O buffer list 


Multi-interrupt Operation (time shared operation) 


The GE/PAC peripheral buffer, with individual device ready 
signals connected to the API module and individual buffer 
driver programs (individual IDL or QDL instructions in the 

' AU2), for each device provides the functional equivalent 

of an individual hardware controller for each peripheral. 
Each controller buffers characters between a list in 

memory and its associated device. Each controller operates 
it semi-independently of all other devices. Each peripheral 
requires the use of the peripheral buffer for only the first 
part of its complete cycle; the buffer can then initiate 
some other peripheral. This mode allows a greater data 
transfer rate (e.g., 15 characters can be typed by each 

of two 15 cps-typewriters in approximately 1 1/30 second). 
Hardware requirements are on type-2 API input per 

peripheral device and additional core memory to accommodate 
individual buffer drivers and character tables. ACT con- 
ditionally requests the addressed device's program interrupt. 


GE/PAC 4040 
Hardware required (per peripheral) 
One 2-input program interrupt 
Change input: Device's ready signal Gow, ) 
Level input: PBA signal 
Program required (per peripheral) 
SPB instruction in interrupt location. 
One I/O Buffer driver program. 
One 1/0 Buffer list. 


GE/PAC 4050/60 
Hardware required (per peripheral) 
One 2-input program Feeeerupe 
Change input: device's ready signal (RDY2 ) 
Level input: PBA signal for output devices 
PBA-PBE signal for input devices 
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GE/PAC 4050/60 


Program required (per peripheral) 

IDL (QDL) instruction in device's non-inhibitable interrupt 
location : 

One 1/0 buffer List 


a OLY Gres ese Error Detection 


A device failure or a parity error can be detected by 
periodically executing a JNE instruction (2507DD60) placed 
within a frequently entered program. However, a peripheral 
buffer error (PBE) signal is available for optional use as 
a program interrupt input (the PBE signal is equivalent to 
the JNE signal with E=6). 


-Hardware required: 
One l-input program interrupt: 
Change input: PBE signal 


[ADORE Pa OIA EP PEEPLES CORP AAO AM AD eT tO 


Direction of 
tape movement 


23 7 51413121110 
A-Register ; 


An enlarged segment of paper tape is illustrated. Format details are: 

1, The paper tape has nine channels, C, thru Gy end Cc. running 
lengthwise along the tape. 

2. Channel C_ is the sprocket hole channel. A hole in this channel 
defines a data frame, Taht is, the hole indicates the presence 
of data in corresponding punch positions of the other eight channels. 
Data frames need not be equally spaced. Nominal spacing is 10 
frames per inch, 

3. A hole in a punch position defines a "1" data bit; no hole defines 
a zero data bit. Data holes are twice the size of sprocket holes. 

“4, The IN ($UT) instruction transmits data between a data frame 
- and bits A of the A-Register as indicated 
5. Channel C. is the parity channel. A hole is punched as required © 
~ to quarantee an odd number of holes in each data frame. 


Figure 23 - GE/PAC PAPER TAPE FORMAT 
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Time lapse between @UT (IN) 
instruction and ready signals. 
Peripheral Buffer Available 

signal, ms 


Device ready 
signal, ms 


Peripheral device 


Pan etencbi tet) 


He, Deh tan el 


Typer, fixed carriage 
fiormal character, LC 
normal character, UC 
carriage return 


Typer, long carriage 
normal character 
carriage return 


4ms 
4ms 


Dependent upon Operator 


x 


Paper tape reader 
Paper tape punch 


Card reader 
normal character 
card feed 


Input typer, Selectric 


NOTE: All times are approximate. 


Figure 24- Peripheral Operation Timing 
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Type size Number of characters in print line 


erent erreerrnne nr yenenran areata maserentsaetinenta nena eee erty rete eer ern arena rman nrtertnern eran tress wetter teeta Amr A 


Characters | Selectric IBM MODEL B 
per 154" 12" 20" 30" 
inch Carriage Carriage Carriage | Carriage Carriage 


NOTE: The vertical line spacing on all typewriters is 6 lines 
per inch. : aa 


Figure 25 - Typewriter Formatting Data 
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CHARACTER CODE CHARACTER CODE : NOTE 
P . 73 
+ 60 
- 52 
* 54 
/ 61 
= 75 
( 35 
) 55 
° U 
9 11 " 76 
A 21 > 16 F 
B 22 < 36 F 
Cc 23 [ 12 F 
D 24 ] 34 F 
E 25 : 15 F 
F 26 ; 56 F 
G 27 57 F 
H 30 # 13 F 
I 31 @ 14 F 
J 41 & 32 F 
K 42 \ 37 F 
ae 43 ft 40 F 
M «44 - 72 F 
N 45 h 74 F 
rn | a *:) Ne 7 F 
P 47 : 77 F 
Q 50 TAB 140 
R 51 CR 100 
s 62 TAB 141 to 157 OT 
T 63 CR 101 to 137 OT 
U 64 Black 160 OT 
Vv 65 Red (161 OT 
W 66 No action 177 R 
x 67 Punch on 162 R 
Y 70 Punch off 164 R 
Z 71 Control a 1XX IT 
Space 20 | Shift ie ee 
‘: 33. | Delete 177 P 


Stop 170 PR 


. . NOTE: Characters are applicable on all standard GE/PAC Input/Output 
an devices, unless otherwise specified. 


F - Not available on long-carriage typewriter 

OT- Output typewriter only 

R - Tape reproduction devices only 

IT- Input typewriter only (hold this key down while typing a 
character generates the octal 1XX; this is interpreted 
as one of 64 control actions). For example, typing a # 
in this mode generates 113, in the input typer's register. 

P ~ Tape preparation device only. 


Figure: 26 - GE/PAC Characters & Codes 


-81- 


Lete2 


1.7.2.1 


CARD READER (GE/PAC 4242B) 


The continuous feed card reader is ugSed with the GE/PAC 4201B 
peripheral buffer and can be programmed to read data from 
punched card bulk storage. Data is read one column at a 

time from standard 80~-column punched cards. Card feed is 
continuous at a maximum rate of 400 cards per minute. Data- 
transmitted to the computer is the 12~bit binary image of 

a card column. Card row 12 corresponds to bit 11 of a 
GE/PAC word; Card row 9 corresponds to bit 0. 


Physical Description 


The 4242B Card Reader is a desk mounted Elliott electro- 
mechanical device which senses data by photo~cell diodes. 
It is restricted to use the 4201B peripheral buffer and 
has the following characteristics: 


Card feed rate: 350 to 400 cards/min. 
Card feed mode: Serial by columm 


Column feed period: : 
within card Approx. 1.3 milliseconds 
card feed Approx. 17. milliseconds 


Card specifications: Standard 80-column card; 
either square or round corners, 
Refer to Figure 23, 


- 


Card hopper capacity: 600 cards max. 
Card stacker capacity: 600 cards max. 
Limited to 400 cards for 
convenient card removal. 
Code: 12-bit column image. ee 
Code conversion: None 
Data validity checking: None 


) 


Read mechanism checking: Implicit checking via program 
check of pseudo columns 81 and 84, 
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Figure 27 illustrates the operator's panel located at 
the top front of the reader chassis. The functions of 
these switches are as follows: . 


AC/DC ON/OFF (rocker-typer switch.) 

Setting this switch to the ON position supplies AC/DC 

power to the reader. In the OFF position, power is removed 
from the motor and read pneee re 


AUTO/MAN (rocker~type switch) 
When this switch is in the MAN position the card eeaaey is in 
an off-line state and can not be controlled from the computer. 
Attempted program operation will result in the device's dead- 
man error indicator being set. 


_ When this switch is in the AUTO position the reader is com- 
puter conttolled,. 


If the ba vech is set to MAN during active card reading, data 
reading will cease immediately. 


This switch has precedence over the STOP switch. 


AUTO DMND (momentary action pushbutton) 
This switch is enabled when the AUTO/MAN switch is in the 
AUTO position and the reader's clutch Flip-Flop is set. 


By depressing and releasing this button, the reader's input 
demand indicator is set; its Ready signal is cycled from 
ready to not ready and back to ready. The reader's clutch 
Flip-Flop is interlocked with AUTO DMD so that the push- 
button is disabled when the clutch is on. However, since 
the clutch is turned off (by program) at column 1 of the 
last card to be read, this button should never be used while 
the reader is in operation, 


AD/FEED (momentary action pushbutton) 
Tae switch is enabled only when the AUTO/MAN switch is in 
the MAN position. 


Depressing LOAD causes one card to be moved from the Card 
Hopper to the Wait Station (Figure 27). 


Depressing FEED causes cards to feed from the Card Hopper 


through the read mechanism to the card stacker at the rate 
of 400 cards per minute. 
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STOP/CONT (rocker=-type switch) 

When STOP is depressed, feeding is inhibited; data input 
(from IN, IDL instructions) is not inhibited, If STOP is 
depressed during card feeding, before column 60 passes the 
read station, card feed terminates after that card is fed, 

If STOP is depressed after column 60 passes the read 

station, one additional card is fed through the read station. 


_When CONT is depressed, card reading continues, However, 
STOP must be depressed prior to depressing CONT to release 


the stop inhibit. 


Cards are transported from 
hopper to wait station, then 
through read station to 
stacker, The swing-out tray 
permits removal of cards from 
the bottom of the stacker. 


OPERATOR'S 
CONS OLE’ 


Otherwise, no action occurs, 


Vicon STATION 


WAIT STATION 


= 


Figure 27 - CARD READER (GE/PAC 4242B) 
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1.7.2.2 


4.7.2.3 


Operation 


The following procedure is the normal method of initializing 
the reader for programmed operation; 


Le Pain power on, 

2. Set AUTO/MAN switch to the MAN poatt tou: 

3, Insert cards in hopper, 9 edge first, face down. 

4. Depress LOAD switch. (First card is transported to 
wait station.) 

5. Set AUTO/MAN switch to AUTO position. 

6. Depress eee switch. 


The card reader is now on-line, and ready to AeCEDE commands 
from the computer. 


Programmed operation of the GE/PAC 4242B card reader is via 
the 4201B peripheral buffer (see para. 1.7.1) using either the 
GEN 2 instructions ACT, JNR, JNE, gUT, and IN or IDL in an 
interrupt location. (Sée para. 1. 4 .3y. 


Card feeding is initiated by an QUT command (QUT READER) which 
sets the reader's clutch Flip-Flop. Actual card movement lags 
the SUT command by approximately 12 milliseconds. 


Card feed termination is initiated by an QUT command. (PUT 
READER+/10) which resets the reader's clutch Flip-Flop. Actual 
card movement will continue for approximately 25 to 130 
milliseconds following the QUT command. 


When a card column passes under the photocell read heads, that 
12-bit data column is ready to be read. The IN (IDL) command 

to transfer the data must be given within 0.7 milliseconds or 
the data is lost. The IN and IDL commands transfer data to 

the AU and affect the device ready signal; these commands do not 
affect card movement. Card movement timing with reference to 
the photocells is shown in figure 27. 


Card Movement Timing (from Wait Station to Stacker) 
Card Position Time (Milliseconds) 


PUT (set clutch Flip-Flop) 0 

Card movement begins . 12 ms. 

Col. 1 ready to read 16 ms. 

Cols, 2, 3, 4 and 5 1.3 ms, apart 
Col. 5 ready to read 21.2 ms. 

Col. 7, 8, ... 85 ready to read 1.5 ms. apart 
Col. 80 ready to read 133.7 ms. 
Col, 81 ready to read 135.2 ms. 


Col,. 84 ready to read 139.9 ms. 
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Col. 1 of second card ready to read | ~ 166 ms. 
Timing between successive cards 
(col. 1) - 150 ms. apart 


The program must synchronize itself to card movement for 
proper reading of data and must maintain its own column 
count, The reader's device ready signal provides this 
capability. This signal normally indicates ready, but 


is set not ready: 


1. 700 ws prior to advent of column 1 under read 
heads, and 
2. by each IN (IDL) instruction. 


The signal is reset to ready,by signals originating from 
the card reader's electro-mechanical transport mechanism 
which indicate that a card column is in reading position, 


If no IN instructions are executed during card feed, the 
device ready signal cycles once for each card transported 
through the reader, the pulse occurring at column one of 
each card. If k IN's are executed per card, the signal 
will cycle k + 1 times (consequently, if k is less than 84, 
the remaining columns of the card are not read). If an 
IN is not given within 0.7 milliseconds of the signal's 
changing from not-ready to ready, that data column moves 
past the read station and is lost. 


If the program gives 84 properly synchronized IN's, the 
eighty-first data column is 0000, and the eighty-fourth 

is 7777g. If these IN's input other than 0000, and 7777, 
respectively, the program must presume either hardware 
failure or improper program-to-hardware synchronization. 
If more than 84 IN's are given, the ready signal continues 
to cycle with 1.5 millisecond period as long as IN's are 
given, until 700 us prior to the advent of column 1 of the 
following card. Since the total number of these cycles is 
variable, there would be no means (other than unique data 
in column 1) to uniquely signal column 1 of this next card. 


Termination of programmed card feeding is initiated by the 
GEN 2 instruction #UT READER+/10. This command does not 
inhibit data input; data may be inputted (IN) as long as 
card columns continue to pass by the card reader's read . 
station. 


If this PUT command is given between columns 1 and 50 of 
a card, card feeding will cease at the end (column 85) of 
the same card, If this command is given following column 
60, card feed will cease at the end of the following card. 
If this command is given between columns 50 and 60, the 
cessation of card feed will be uncertain. 
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1.7.2.4 


1.7.2.5 


Cards may be fed one-by~one by the repeated program execution 
of the instructions PUT READER and #UT READER+/10. The #UT 

to stop-card-feed must be given before column 50 (but not be- 
fore the device ready signal is set hot ready for column 1). 
If the OUT to feed the next card can be given prior to column 
60 of the current card, the card feed rate is 400 cpm. If a 
program cannot give this start~card-feed QUT prior to column 
60, it should delay giving it until after column 85 has passed 
the read-station to maximize reader life. In this event, 

the card feed rate is 350 cpm. 


The reader may become non-operational for various reasons: 


. Input hopper empty 

. Output stacker full 

AUTO/MAN switch in MAN position 

» AC/DC power switch in OFF position 
» CONT/STOP switch in STOP position 


UN EWN Ee 
° 


Error detection and control must be by program. Examples of 
error control via program are: 


1. Reader status tests 
2. Sum checks 
3. End of card checks (pseudo col. 81-84). 


Input Hopper Empty 


When the input hopper becomes empty as signaled by the hopper 
empty contact, the last card cycle is completed normally, a 
deadman error occurs, and card feeding is inhibited. To 
continue operation of the reader, the operator must set the 
AUTO/MAN line switch to the MAN position, reload the input 
hopper and return the AUTO/MAN switch to the AUTO position. 


Stacker Full hs 
When the output stacker becomes full as signaled by the stacker 
full contact, a deadman error occurs and further card feeding 

is inhibited. To continue operation of the reader, the opérator 
must set the AUTO/MAN line switch to the MAN position, remove 
cards from the stacker and return the AUTO/MAN switch to the 
AUTO position. 


Programming Examples 


Figure 28 is an example of program for reading one card using 
the JNR instruction. —— 


Figure 29 is an example program for reading one card using 
program interrupt and the GE/PAC 4050/4060 instruction IDL. 
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‘Figure 29 - CARD READ PROGRAM 
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1.7.3 LINE PRINTER (GE/PAC 4262) 


The GE/PAC 4262 line printer produces printout in accordance 
with specified data from an external source. It is used 
with the peripheral buffer and can be programmed to print 
hardcopy documentation in multiple copy form. Each print 
action can record a maximum of 120 characte per line at 

a nominal rate of 300 lines per minute. 


Each print operation is a three phase action: 

1. Transfers, under arithmetic wit control, the desired 
line image from computer memory to the printer's in- 
ternal buffer memory. The line image is variable 
length, It consists of a line space control code, 
followed by the desired ordered sequence of character 
codes and terminated by a print command code. 


2. Printing action followed by neeSe ae the prenter: s 
buffer memory to spaces. 


3. Paper feed of a number of lines (or to page pger ten) 
specified by the line space code. 


- z f? bi 
“deeded Physical Description 


The 4262 line printer is an Anelex, Series 5, asynchrous buffered 
console printer with the following characteristics: 


Printing rate: 300 lines per minute~-nominal 
Text Specifications: 
Columns per line: 120 
Horizontal character spacing: 10/inch 
Vertical line spacing: 6/inch 
Average character height: 0.10 inch 
_ Paper Form Specifications: _ 
Form width: 4 to 20 inches 
Form length: 1 line to 22 inches 
Multiple Copy Capability: 


The number of acceptable copies varies with the eyes of 
paper. 


Any number of copies up to original plus five carbons 
can be provided with proper choice of paper. 
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Paper Feed and Line Spacing: 

Paper advances after printing. 

Slewing is under control of a vertical format unit tape. 
Printer option: paper loading and receiving baskets 


Figure 30 illustrates the operators control panel mounted on the 
printer chassis. The functions of these indicators and back- 
lighted pushbuttons follow: 


ON Backlighted green round pushbutton. 
Depressing this button provides AC power to the printer. 
Indicator glows when power is on and the printer buffer 
is ready to receive data. 


OFF Backlighted red round pushbutton 


YOKE OPEN Backlighted red square indicator. 
This indicator illuminates when the printer yoke is not 
fully seated in the closed position. The printer yoke 
is located in front of the print drum. 


~ 


ALARM . 

STATUS Backlighted red square indicator. 
This indicator illuminates when the printer fails to 
become ready after depressing the ON pushbutton. It 
provides an indication of some error. 


NO PAPER — Backlighted red square indicator. 
This indicator illuminates when less than 30 lines of 
paper supply remain. On-line printing, one line at a 
time for each depression of the START pushbutton, is ~ 
permitted while the low paper condition eneeres until 
the paper supply is exhausted. 


“Ne 


TOP OF 
FORM Backlighted yellow square pushbutton. 

' Depress this pushbutton to slew the paper form to the 
top-form (ie. the first print line position of the 
next form). 

TRACTOR 
INDEX Backlighted yellow square pushbutton. 


Depress this pushbutton to align the paper feed trac- 
tors with the vertical format unit. Once this is 
complete, the vertical format tape loop may be installed. 
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TEST PRINT Backlighted red square pushbutton. 
Depress this pushbutton to initiate repeated print- 
out of a test character. Operation is halted by 
depressing the STOP pushbutton. This is a maintenance 
operation. The TEST PRINT button is inoperative in 
the on-line mode. The START and TOP OF FORM buttons 
are inoperative in the TEST PRINT mode of operation. 


START Backlighted green square pushbutton. 
Depress this pushbutton to switch the printer ‘on> 
line.and cause the printer's buffer memory to be 
cleared to SPACEes. a ; 


STOP Backlighted red square pushbutton. 

Depress this pushbutton to stop printer operation. 

a) If the printer is on-line, it is switched off- 
line. If the printer is in operation or has 
received at least one code in its buffer, the 
switching is automatically delayed until com- 
pletion of the printing and slewing action; 
however, if the print command code is not 
received within 300 MS, a print command is 
forced. 


b) If the printer is off-line and operating in 
the TEST PRINT mode, depress STOP to terminate 
the TEST PRINT operation. 


Figure 30 - OPERATORS CONTROL. PANEL 
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1.7.3.2 


Output Formatting Information 


The printer buffer memory consists of 122 6-bit character code 
positions. The nominal print line length is 120 character 
graphics. 


Each code position in the buffer initialized to a SPACE 
(20,) code following a print action or by depressing the START 
pusRbucton on the printer's operators panel. 


The central processor transmits 7-bit GE/PAC codes to the printer 
controller via the peripheral buffer at a rate synchronized by 
the printer's device ready signal. The controller assembles the 
lower 6-bits of these codes (00g through 77.) in order of receipt 
into the buffer from left to right. The leftmost code position 
(the line space code) is loaded first. The receipt of any code 
between 100, and 177. terminates the transmission of further 
characters, The lowér six bits of this print command code is 
OR'ed with 20g and the result loaded into the next code position 
of the buffer, The code should normally be a carriage return 
(100g) to cause a SPACE code to be loaded into the buffer, The 
remaining code positions are already SPACEes; the print action 
follows: 


The print line image in programmable memory may vary in length 
from 2 to 122 code positions, If the desired line of output 
consists of less than 120 characters, it is not necessary to 
pad the line image with SPACEes,. 


The first code position of the line image must contain a non- 
printing line space code, Paper advances after printing and 

the number of lines skipped after printing is specified by the 
line space code and the 8-channel tape loop-in the vertical format 
unit (VFU) on the printer chassis. The line space code specifies 
which channel of the VFU tape loop will control the paper slewing, 
Single line spacing requires 12ms to complete. Slewing of paper 
occurs at the rate of 18 inches per second. The maximum slewing 
distance is from top-form to top-form., 


The line space codes and the corresponding slewing actions follow: 


Line Space Code Slew Action Following Printing 
00 Slew to top form 
01 Single space : 
02 
03 Slew to form position 
04 specified by channel k 
05 of VFU tape (k = line space 
06 code +1). : 
07 
77 No paper advance 
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1.7.3.3 


The vertical format tape is an endless loop of one inch wide 
tape and is used for format control. The tape may be paper or 
mylar, etc. Eight channels on the tape provide a Top-of-form 
position and seven other form-positions. 


The length of the VFU tape must be an integral multiple of the 
length of the form, and must be between 11 and 22 inches long. 
The VFU tape has punch positions spaced six per inch to match 
the line spacing on the form. A hole in a punch position of a 
given channel defines a form position for that channel. For 
example, channel 2 has holes corresponding to every line of 
the form. 


The line space code is followed in the line image by 0 to 120 
character codes. The legal printing characters are the graphics 
corresponding to the codes between 00. and 77 listed in Figure 26. 


The line image is terminated by the print command code described 
above. 


Character seqeunces are printed left justified unless preceded by 
SPACE characters in the line image. It is possible to print 
different fields of the same line with separate print commands if 
the line space code is a 77g for each field except the final field. 


Operation 


Programmed operation of the GE/PAC 4262 line printer is via the 
peripheral buffer (see para. 1.8.1) using either the GEN 2 
instructions ACT, JNR, JNE, and OUT or the @DL instruction (see 
para. 1.4.3). 


‘The printer's device ready signal is set when the printer's con- 


troller is not busy and is able to accept another character code, 

The signal is reset by each QUT (@DL) and remains reset during the 

30 to 60 ws while the controller is loading a code into the printer's 
buffer and during the 194 ms of the mechanical print action. 

Receipt of the print command code will inhibit further Peas ine of the 
buffer until the print action is complete. 


For the printer to operatre at its nominal rated speed, the entire 
line image must be transferred to the printer's buffer within. 
12 ms following the completion of the previous mechanical print 


action. If the buffer loading time exceeds 12 ms, the printer 


speed is calculated as follows: 


60000 = lines per minute 
182 T 


T is the loading time in milliseconds. 
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If the printer's device ready signal remains reset for more 
than 4 to 8 seconds, its deadman error indicator is set. The 
indicator can be tested by a JNE instruction with E = 2 or 
E= 3g (see para. 1.7.1.1). 


A deadman error may be due to one or more of the following 


faults: 
1. Printer off line 
2. Paper supply is low 
3. Broken paper 
“4. Open yoke 
5. Printer or Computer Power failure 
6. Blown fuses 
7. Printer-to-Computer cable not plugged in 


1.7.3.4 Special Programming Considerations 


1. 


During the loading of the printer buffer, the printer's 

device ready signal cycles at an extremely rapid rate. It 
is reset by the QUT (@DL) instruction and set within the next ©: 
50 microseconds. This means that the central processor can — 
give an @UT (ODL) to the printer at 76-microsecond intervals. 


Momentary loading on the GE/PAC 4060 central processor, during 
the 9 ms period that the buffer is being loaded from an GDL 
list,is as high as 32%. Average loading overa complete print 
cycle is 1.5%. 


If a program erroneously outputs more than 122 codes to the 
printer, the 123rd and subsequent codes are lost. The printer 
continues to accept and discard these codes until a print 
command is received. The 120 codes in the print positions o 
the buffer are printed. 


~ 
‘ 
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1.7.4... INPUT/OUTPUT TYPER - GE/PAC 4270B 
The I/O typer, used with the peripheral buffer, can be programmed 
to provide an intercommunication interface between an operator 
and the computer. The I/O typer has three mutually exclusive 
modes of usage: ; 


1. Standard Typer 


The typer, when manually switched off-line, is electrically 

disconnected from the computer. It can be used manually as 

a standard fixed carriage typer. When the typer is in this 
. MANUAL mode, it is unavailable to the computer. 


2. On-Line Output Typer 


The typer, when manually switched on-line to the AUTO 

mode, can be program operated as a fixed carriage output 
typer. Operation is identical to the GE/PAC 4221B output 
typer. A pushbutton allows the operator to signal the 
program when he wishes to use the typer as an input device. 
The remainder of the keyboard is inoperative in thismode. 


3 On-Line Input Keyboard 


The. typer, when manually switched on-line to the AUTO 
mode, can be program operated as an input keyboard to 
allow an operator to type data into the computer's 
arithmetic unit, one character at a time. Suitable hard- 
ware and program interlocks are provided to make it im- 
possible to lose input data. A typed record of the data 
input is generated. 


1.7.4.1 Physical Description 


The I/O typer. consists ofa standard fixed-carriage IBM Selectric 
typer equipped with the following manual controls: 


1, A two position power-on/power-off switch marked ON and OFF. 
This switch controls AC power to the typer's motor; it does 
not control DC logic power to the typer's controls. 


2. A backlighted double acting (push-push) pushbutton marked 
- AUTO. It is illuminated when in the on-line mode. When 
the switch is not illuminated, the I/O typer is in the 
- manual mode (off-line), the DC power from the computer is 
turned off, or the lamp within the switch is burned out. 
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1.7.4.2 


1.7.4.3 


3. A backlighted single acting INPUT pushbutton. It 
can be illuminated in the on-line mode by the 
program control to indicate to an operator that the 
keyboard is unlocked and that the-program is waiting 
for the operator to type on the input keyboard. 


4. A single acting pushbutton marked CNIRL. If de- 
pressed during the time an input character is typed, 
a binary "1" is generated in the most significant 
data position of the typer's 8-bit data register. 
The character's code is generated in the lower 6 data 
bits of the data register. Odd parity is normally. 
generated in the 8th bit of the data register. 


Figure 31 illustrates the I/O typer keyboard which dis- 
plays the layout of the foregoing controls with the 
character keys. 


Operation 
Operation of the I/O typer requires two power sources. 


An AC source powers the typer's mechanical operation 


_(i.e., its motor). This source is manually switchable 


by the ON/OFF toggle switch on the typer. The AC power 
should remain on at all times. If the AC power is off, 

an attempt by the computer to output a character (QUT) 
locks the typer's keyboard (if unlocked) and starts the 
typer's deadman timer timing; it performs no other action. 
The.typer is unable to perform its type action and an 
eventual deadman error results. If the AC power is off 
and an input action is attempted (IN), the keyboard un- 
locks and meaningless data transfers into the arithmetic 
unit; no error indication is given. 


—e 


The second power source is DC from the computer central 
processor, : i 


Operation as off-line Typer: 


Operation of the typer in the off-line mode requires the 
following switch positions: : 


1, The OFF/ON toggle switch must be in the ON position. 


2. The backlighted AUTO pushbutton should not be 
-illuminated, If it is illuminated, depress the 
button to set the manual mode, turn the light off 
and unlock the keyboard. If the pushbutton is not 
. lighted, the operator should press the switch twice 
to cycle it to Auto and back to Manual; the pushbutton 
is illuminated and then extinguished. 
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Figure 31 - MODEL 4270 INPUT KEYBOARD 
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A false Manual indication, resulting from 
a burned-out lamp, is detected by pressing 
the switch twice. 


In the Manual mode, the typer is a standard Selectric 
typer; all switches and keys except the INPUT and CNTRL 
pushbuttons are operative, 


Any attempt by the program to output (@UT) or input (IN) 
to this typer in the Manual mode is ignored; the typer's 
Deadman Error Flip-Flop is set. 


1.7.4.4 Operation as an on-line Device: 


Operation of the typer in the on-line mode requires 
the following switch positions: 


1. The ON/OFF toggle switch must be in the ON 
position. a 


2. The backlighted AUTO pushbutton should be 
illuminated. If the pushbutton is not illuminated 
depress the button to set the AUTO mode, turn the 
light on, automatically lock the keyboard, and 
clear the typer's data register. If pushing the 
button does not turn the lamp on, the lamp should 
be replaced. 


In the on-line mode, only the ON/OFF switch, the 
AUTO pushbutton, and the INPUT pushbutton are 
normally operative. 


1.7«4.5 Operation as an on-line Output Typer: 


Program operation is identical to that of the GE/PAC 
4221B output typer. Hardware operation differs in 
two ways: , 


1. Each QUT instruction locks the keyboard (if 
unlocked). 


2. ‘The code corresponding to the character graphic 
actually printed is recorded!in the typer's 
data register. Therefore, if an IN instruction. 
follows an QUT instruction, the program can 
perform a program echo check. An echo check 
determines if the character actually printed is 
the same as the character that was transmitted to 
the output buffer for printing. The check is 
accomplished by reading this code (IN) and compar- 
ing it to the code transmitted (@UT) to the N-Register. 


‘ Ilvhe control characters PRINT-RED and PRINT-BLACK are the only 
exceptions. The data register is unchanged when these characters 


are typed. 
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The last character typed must be a lower case 
character to allow normal operation of the typer in 
the off-line mode. 


‘Since the INPUT pushbutton is operative in the on-line out- 
put mode, the operator may signal the program desired to use 
the I/O typer as an input device. Pushing the INPUT push- 
button simulates the ACT instruction (see paragraph 1.7.1.1), 
cycling the Typer's Device: Ready Signal}: and sets the I/O 
typer's Input Demand Flip-Flop. Pushing the INPUT button 
does not change the I/O typer's mode of operation. It 
remains in the output-only mode until the program gives an 
IN instruction. 


1.7.4.6 Operation as an on-line Input Keyboard: 


The program controlling the on-line operation of the I/0 

typer is responsible for detecting any cycling of the typer's 
device ready signal (via JNR instruction or program interrupt), 
interrogating its Input Demand Flip~flop, and deducing the 
cause for the cycling (See Table 1). The Input Demand Flip- 
Flop is interrogated by a JNE DEVICE /10 instruction (see 
paragraph 1.8.1.1). The instruction reset the Flip-Flop 
following interrogation. 


When the I/O typer is used as an input acbeued: une following 
operating procedures apply: 


1. Depréss the INPUT pushbutton. 


2. The program senses the resulting cycling of the typer's 
device ready signal, The program interrogates the typer's 
Input Demand Flip-Flop at its discretion, and gives an 
IN command to permit the operator to use the input key- 
board, The IN instruction transfers the previous mean- 
ingless contents of the typer's data register into the 
arithmetic unit and unlocks the typer's keyboard; it 
disables the INPUT pushbutton, enables the CNTRL pushbutton, 
and turns on the INPUT lamp. The typer's deadman timer does 
not begin timing (see paragraph 1.7.1). 


3. The operator may then use the input keyboard to type a 
character's code (plus odd parity) into the typer's eight-~ 
bit data register. There are 128 input characters, 64 
correspond to the GE/PAC character set and 64 correspond 
to the joint usage of the CNTRL pushbutton and the typer's 
keyboard (see Figure 31). 
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Table 1 - ON-LINE STATUS OF I/O TYPER 


I/O typer's 


program status 


Idle 


In use as an output 
device 


00T- 


- 
= 


In use as an input 
device 


Control Switch Status 


Before/After 
Cycling 


Keyboard 


Input 
Button 


enabled 
enabled 


Input 
Lamp 


Input 
Demand 


Flip-Flop 


unchanged 


Before locked 
After locked 
Before Locked 
After locked 
Before 


After 


locked 


Be fore 


After locked 


Before locked 
After locked 
Before locked 
After locked 
Before unlocked 
After | unlocked 
Before tinlocked 
After | locked 


eee: 


enabled 
enabled 


enabled 


enabled 


enabled 


enabled 


enabled 
enabled 


enabled 
enabled 


disabled 
disabled 


disabled, 
enabled 


on 
off 


reset 
set 


unchanged 


reset or set 
unchanged 


reset or set 
unchanged 


reset 


* The ACT instruction possibly occurred in action to the first action. 


reset or set 


reset or set 


Possible causes for a 


cycling of I/O Typer's 
Device Ready Signal 


ACT instruction 


1) INPUT pushbutton pressed; 
2) AlSo possibly an ACT instr.* 


1) Typing of the lage charac- 
ter is completed, 
2) Also possibly an ACT instr.* 


1) Typing of last character is 
completed and INPUT push- 
button pressed; 

2) Also possibly an ACT instr.* 


ACT instruction 


1) INPUT pushbutton pressed, 
2) Also possibly an ACT instr.* 


arr got 


wns 


ACT instruction 


1) Operator typed a character 
into the typersrdata register 
2) Also possibly an ACT instr.* 


1.7.4.7 


Initiation of the type action (depressing any key on the 
typer) resets the typer's device ready signal and starts 
its deadman timer timing. Successful completion of the 
type action (the printing of the character's graphic) 
generates the character's code in the typer's data 
register and performs the following actions: 

1. Sets Input Demand Flip-Flop 

2. Locks keyboard 

3. Enables INPUT Button 

4, Disable CNIRL Button 

5. Extinguishes INPUT lamp 

6. Sets device ready signal 

7. Disables. deadman timer 


The program must sense the cycling of the typer's device 
ready signal. Action is the same as 2 above, except that 
the data input is meaningful. 

The program must alternately effect steps 3 and 4 above, 
to input a sequence of characters. It then interprets 
the sequence as prescribed by the specific program's 
console operation specifications and performs the pre- 
scribed action. 


Special Programming Considerations 


Ps 


The program has direct access to the typer's device ready 
signal if each peripheral has its own device ready inter:. 
rupt. If a system uses one of the other peripheral buffer 
options (JNR Signal, one interrupt, two interrupts, three 
interrupts) the program must deduce which of. several 
device ready signals actually cycled. For every input 
demand or an input keyboard action, however, the appropri- 


‘ate device's Input Demand Flip-Flop is set. 


In paragraph 1.7.5.1, the I/O typer is described as cap- 
able of three mutually exclusive modes of operation. Al- 
though this is true in the strict sense, a properly de- 
signed program can alternately operate the typer in the 


" on-line mode as an input keyboard and an output typer. 


This gives (in the human frame of reference) the impression 
of the instantaneous man-to-program intercommunication. 


The space character typed in the output mode has the unique 
graphic blank corresponding to the code 20g. The space 
character generated from the input keyboard is not unique. 
Depressing the space bar prints the graphic blank and 
generates the code 20,.° Depressing the key prints the gra- 
‘phic 6 and generates the code 20g. 
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Pushing the b key when the CNTRL pushbutton is depressed 
generates 120, with correct odd parity. Pushing the Space 
Bar when cvrry is depressed generates 120. with incorrect 
even parity. 


The INPUT pushbutton should always be depressed momentarily. 
Continuing to depress the pushbutton longer than 4 to 8 
seconds forces a deadman error; however, the error is 
automatically cleared when the pushbutton is released. 
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1.8 


1.8.1 


GE/PAC CONSOLE 


The GE/PAC programmer's console is an integral part of the central 
processor, This console is one means for the programmer and main- 


“tenance man to communicate with the computer in actual machine 


language. Plant operating personnel are not required to, nor 
expected to, know how to use the programmer's console in process 
control applications. Once the programming has been completed, 
little use will be made of the programmer's console except for 
the displaying various registers for maintenance personnel. 


The underlying philosophy toward the use of consoles in the GE/PAC 
system is that each module of the system may have its associated 
console. More specifically, the arithmetic unit has a program- 
ming console which contains displays and functions only related 

to the arithmetic unit. System displays and functions are in- 
cluded on a separate system console. 


CONSOLE DESCRIPTION (4040) 


Twenty-four lights and console switches are used to display and 
enter data or commands into the computer. These lights and 
switches are divided into groups of three to represent eight octal 
digits for programming convenience. Two modes of operation are 
possible: automatic and manual.- The MAN/AUTO/OFF CONSOLE switch 
controls the mode. It is located in the lower center portion of 
the console. During automatic operation, the console switches 

can be read into the A-Register only by the programmed instruction 
Read Console Switches (RCS) 25050000g. If a console switch is 
down, a "1" is set in that bit position in the A-Register; if up, 
the contents of A are not changed. The console switches are 
sometimes referred to as break-point switches during automatic 
operation, The break-point refers to a decision that can be 

made as the result of a switch or switches being set (down). On- 
line routines which use the console switches are normally called 
by the DEMAND Button. This sets the Demand Flip-Flop (DEMF). 

The programmed instruction Jump If No Demand (JND) 25040000 “is 
interrogated periodically to determine if the switches should be 
read and deciphered. ; 
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Figure 32 ~ GE/PAC CONSOLE AUl (Model 4040) 


In the automatic mode, all console switches and buttons except the 
following are disabled: 


Program Switches 
Register Select Switch 


a. Clear Alarm 
dD, Power Off 
c,. Demand 

d. Save P 

e, Save I 

fi, 

8 


€ 


The CONSOLE OFF position allows the console to be disabled when in 
the automatic (running) mode of operation. A removable key is 
provided to lockout the console in the automatic mode, 


Manual operation of the console enables all console switches and 
buttons, Manual operation normally involves changes to the 
instruction register and memory locations. Paragraph 1.8.2 explains 
this step-by-step procedure, 


a Phe 
Rw 


1.8.2 REGISTER DISPLAYS 


The selector switch in the lower left corner of the console allows 
the following registers to be displayed: 


Selector Switch — Bit Position Registers 
Position Within Display (Information Displayed) 


A - Accumulator 23 - 0 Accumulator Register (Data) 


B - Buffer 


23 - 0 B - Register (Next sequential 
instruction as it appears in 
memory) 

Instruction Register (Instruc- 
tion last executed) 

Operation Code 

X Word Indicator 

Relative Addressing Indicator 
Effective Operand Address 


I - Instruction 


Status Flip-Flops 

Demand Flip-Flop 

Overflow Flip-Flop 

Permit Automatic Interrupt 

Flip-Flop 

Test Flip-Flop 
Peripheral Ready Flip-Flop 
Program Counter. ~~ —> 
(Program Control Address) 


Flip-Flops 


P - REGISTER 


J - J Counter S_. Control Sequence State 
S5 Control Sequence State 
S,_ Control Sequence State 
C, Control Sequence State 
Co Control Sequence State 
C3 Control Sequence State 


J Counter 


AUX - Auxiliary sibaal| Optional Displays 


orn tr tenements Se AAnnhin ete wien tet he 


ALARM LIGHTS 
The following alarm lights are displayed on the console: 


a. Core Parity 

b. Peripheral Error (PB ALARM) 

c.. Core Temperature - 
d. Cabinet Temperature 
e. Stall Alarm 

f. Computer Ready 
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1.8.3 CONSOLE DESCRIPTION (4050 and 4060) 


Data is displayed and entered into the computer via twenty~four lights 
and switches located on the front of the computer cabinet. These 
lights and switches are divided into groups of three to represent eight 
octal digits for programming convenience. Two modes of operation are 
possible: automatic and manual. The MAN/AUTO/CONSOLE OFF switch 
controls the mode, During automatic operation, the console switches 
can be read into the A-Register only by the programmed instruction Read 
Console Switches (RCS). On-line routines which use the console switches 
are normally called by the DEMAND button. This sets the Demand Flip- 
Flop (DEMF). The programmed instruction Jump If No Demand (JND) is 
periodically interrogated to determine when the console switches should 
be read and deciphered, 
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1.8.4 REGISTER DISPLAYS 


The selector switch in the lower left corner of the console allows 


the following registers to be displayed: 


Selector Switch 
Position 


Bit Position 
Within Display 


ALARM LIGHTS 


Register 
(Information Displayed) 


Accumulator Register (Data) 


Auxiliary Accumulator Registe 
(Combine data with A-Register 
to for double-length precisio 


Buffer Register between the A 
and memory. (Next sequential 
instruction as it appears in 
memory) 


Special purpose register for 
maintenance use only. 


J Counter 


Sy Control Sequence State 


' §, Control Sequence State 


S, Control Sequence State 
S, Control Sequence State 


.§. Control Sequence State 


5 


Demand Flip-Flop 

Overflow Flip-Flop 

Permit Automatic Interrupt 
Flip-Flop 

Test Flip-Flop 


P - Register (permanently 
displayed) 


Optional Display 


Optional Display 


The following alarm lights are displayed on the console: 


a, Cabinet temperature 
b. Core temperature 
c. Stall alarm 
d. Memory Fence Alarm 
e. Peripheral Buffer Alarm 
.£, Peripheral Controller Parity 
g. Drum Parity 
h. Main Core Parity 
- Extended Memory Parity 
« Computer Ready 
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INTRODUCTION | 


This manual defines the standard Process Assembler 
Language for the GE/PAC 4000 Process Computer Sys-.- 
tem, This manual is intended for the experienced 
programmer, 


Translator programs are available for a variety of 
hardware configurations. The language may be re- 
stricted for some translators. The Library Write- 
Ups for each translator state if the complete 
language can be translated. The language definition 
includes: 


~ coding form description and usage 


~ pseudo operation definitions 


hardware operations 
~ processing method and output 


The hardware operations are listed in Appendix D. 

Detailed definitions of their characteristics are 

presented in the GE/PAC 4000 Instruction Reference 
Manual, — 


INTRODUCTION 


This manual defines the standard Process Assembler 
Language for the GE/PAC 4000 Process Computer Sys-: 
tem. This manual is intended for the experienced 
programmer, 


Translator programs are available for a variety of 
hardware configurations. The language may be re- 
stricted for some translators. The Library Write- 
Ups for each translator state if the complete 
language can be translated. The language definition 
includes: 


- coding form description and usage 


- pseudo operation definitions 


hardware operations 
- processing method and output 


The hardware operations are listed in Appendix D. 

Detailed definitions of their characteristics are 

presented in the GE/PAC 4000 Instruction Reference 
Manual. 


‘1. STATEMENT FORMAT 


Assembly program input information is written on the "Process Lan- 
guage Statement Coding Form'' (Figure 1). Each line on the coding 

form represents one instruction to the assembler. The coding form 
is comprised of four Fields defined in the ensuing paragraphs. 


1.1 LOCATION FIELD - Columns 1 thru 6 


The Location Field is used to identify the location of an instruc- 
tion. A name written in this field becomes associated with the in- 
struction written on the same line. Any reference to the instruc- 
tion may be made by that name. Names used in the Location Field 
must consist of six or fewer alphanumeric characters; the first of 

* which must be alphabetic and start in column one. A decimal point 
is considered as an alphabetic character in this context. 


1.2 OP CODE FIELD - Columns 8 thru 10 


The Op Code Field contains a two or three character operation code 
which identifies the operation to be executed. The legal operations 
include the pseudo operations described in Section Two and the 
Assembler Instructions outlined in Appendix D. 


1.3 OPERAND FIELD - Columns 12 thru 68 


The Operand Field may contain a combination of parameters. When 
merged, the parameters define the operand or operands required by 

the operation code. Each operand is formed by parameter groups. 

The following four basic parameter types are permitted in this field. 


Symbolic - A name or label composed of six or fewer 
alphanumeric characters; the first of which 
must be alphabetic. Any such symbolic para- 
meter corresponds to a name written in the 
Location Field of some instruction. 

Decimal - A decimal integer value. 

Octal - An octal integer value, preceded by a slash (/). 

Relative - An asterisk (*) which acquires the value as- 

- sociated with the memory location of its own 
instruction. 


4-~Refers to Present Location. 
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FIGURE 1 


A single operand value may be composed of one or a combination 
of the four parameter types listed on page one, nee parameters 


are combined by using the following operators: 


+ add 

- subtract 

* multiply 

/ divide , 


Examples of the four parameter types follow: 
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Examples of parameter combinations which form a single operand are illus-_ 


‘trated below: — 


LABEL +42) 65 1! 
LABEL-42 | 
LABEL+/22 —— 
SUABEL-/2i2 i 
SLABELTTEMP!, | 


Single operand as a combination 
of a symbolic and a decimal or 
octal. 


vere nee tne entrar 
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Combinations with * 


so Lage oe! 


bessseseperbogs sex 


EME Re ee geo gist 
TEMP 1 *LABEL = 

TEMP 1 *#/42 
TEMP IZ4 ove ve ue. oS 
TEMPI“LABEL 3. 


Multiplication & division 


All four types combined < k+LABEL+ 2-/77 


The parameters in the preceding examples are combined strictly from left 
to right. The meaning of asterisk or slash depends upon its relationship 
to the remaining parameters. 


{ 
For example, asterisk represents relative addressing if it is the 
first character of a parameter. In all other cases, it is a 

multiplication sign. The slash indicates an octal parameter when 

it is the first character of a parameter; otherwise it is the a 
division sign. 


Most assembly language statements in any program involve only simple oper- 

and combinations. Rarely will the multiplication or division capabilities 

be utilized. It is important to understand that the combinations of para- 

meters in the statement field, simple or complex, involve the values of the 
symbols; not the contents of the locations referenced, 


The rules for combining parameters to form a single operand value are. 
presented on page three. However, many computer instructions require 
more than one operand value. Most memory addressing instructions, ©  ~ 
for example, may have two operands; one to specify the memory ad- 
dress and a second to specify an index modification word. Multiple 
operands are desirable in many other occasions. When several operands._ | 
are required, the comma (,) is used to separate operand values. 


1 
' 
} 


1.4 


Examples of two-operand instructions are presented in the follow- 
ing: 


TYPE : S77 A BE 


? 
LABEL +:2)+Xti 
eEVALUE ? 2) by 0) a 
LEMP OX le 2 2d oe 4 


The first blank character in the Statement Field terminates the 
construction of the operand. Characters appearing after the first 


-blank column are treated as comments, 


IDENTIFICATION FIELD - Columns 70 thru 80 


The last eleven columns are reserved for the complete and unique 
identification of each line of coding. Column seventy is used to 
indicate the language used, The remainder of this field is al- 
located for identification of the project and program number, and 
the sequence within each program, 


This field is essential for proper maintenance of the symbolic in- 
formation, It is used by other programs which process symbolic 
records to produce additions, deletions, and corrections. 


2. PSEUDO OPERA TIONS 


The pseudo operations are written on the coding form in the 

Op Code Field. They direct the assembler in storage assignments, 
symbol definitions, and generation of constants. All labels 
appearing in the Operand Field of pseudo operations must be pre- 
defined (i.e., they must be common symbols or they must have 
appeared in the Location Field of a statement preceding this 
statement). A summary follows: 


BE 9 10/11 1213 


Core Starting Address 


Block Storage Reservation 
Drum Loader Control Word 


Single Word Fixed Decimal Constant 
Single Word Floating Decimal Constant 
Variable Length Alpha-Numeric Constant 
Single Word Octal Constant 

Single Word General Constant 

Double Word Decimal Constant 


Double Word Floating Constant 
Double Word Octal Constant 
Generate Duplicates 

Symbolic Equivalence 

Define A New Operation 

Slew Printer Page 

End Of Program 


In addition, the following conventions and special pseudo 
operations are available: 


ae 
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An asterisk in column one identifies the entire line 
as a comment which will appear on the output assembly 
listing. 


An asterisk in column seven of a statement indentifies 
the Location Field name as a common, BReOTUES symbol. 
(refer to page 23) 


car 23 —_—_ a eS 


A dash in column seven of the statement identifies the 
Location Field name as absolute (but not Common). 
(refer to page24) ; 
Special pseudo operations for use with MONITOR (refer 
to Monitor manual). ~ 


Special pseudo operations for use with FORTRAN (refer 
to para. 2.12). 


a 
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2.2 


2.3 


ORG - ORIGIN/CORE STARTING ADDRESS 


ORG specifies the core starting address of the program. : The 
address must be written in the Operand Field with the following 
restriction. Any symbolic that is used must be defined previously 
from a common symbol tape or by appearing in the Location Field 

of an earlier instruction. Note the following: 


1. The ORG command produces control information for 
the loader. 


2. The origin value initializes the location counter 
that appears on the output listing. 


3. An asterisk in column seven informs the loader not 
to relocate instructions following ORG, even when 
instructed to relocate at load time. This inhibition 
is maintained until the next ORG or DCW statement is 
attained. 


The Location Field is not used with the ORG pseudo-op. 


Because of the relative addressing characteristics of the GE/PAC 
computer, instructions are assembled in the relative rather than . 
the absolute form. They may be relocated at will during loading. 
Therefore, the ORG command is often unnecessary and is infrequently 
used. 


BSS - BLOCK STORAGE RESERVATION 


BSS is used to reserve or skip a block of memory. The size 

of the block is designated in the Operand Field. Any symbolic 

that is used must be defined previously from a common symbol 

type or by appearing in the Location Field of an earlier instruction. 


A symbol written in the Location Field is entered into the 
assembler's table of symbolic equivalences. It is entered with the 
location value corresponding to the first location of the reserved 
block. This pseudo operation also generates control information 
for use by the loader. 


DCW - DRUM CONTROL WORD 


DCW is primarily used to specify the starting drum location for 
direct loading onto drum. Any symbolic that is used must be defined 
previously from a common symbol tape or by appearing in the Location 
Field of an earlier instruction. Two operand values may be used; the 
first designates the drum starting address. The second specifies a 


core starting address, equivalent to that required in ORG. The-Location -——- 


Field is not used with the DCW pseudo-op. Note the following: 


Leis 


2.4 


2.4.1 


1. DCW produces control information to be used by 
the loader. This information denotes a drum load. 


2% The optional second operand is used to initialize 
the assembler location counter as with ORG. Ifa 
drum load is required, a separate ORG cannot be 
used because it generates core load control 
information. 


ce An asterisk in column seven informs the loader 
not to relocate instructions following DCW, even 
when instructed to relocate at load time. This 
inhibition is maintained until the next ORG or 
DCW is attained. 


CON - CONSTANT 


CON generates program constants. The five types are _ 
specified by an alphabetic character in column 12 as 
illustrated on page seven. 


Single Word Fixed Decimal Constant 


The first operand, D, identifies the constant as a fixed 
point decimal. The second operand presents the value of 
the constant. A binary scale factor and a power of ten 
exponent may be expressed in the constant. The binary 
scale factor indicates the bit position of the binary 
point relative to the sign Be in the word. 


3132 39 34.35 96 37 30 99 40 45 «2 asf edles_ 46 «7 oa a9] s0 51 52.53 Su 35 56 57 54 soto 61 62.09 


Eices > 542 
FICON@D ,22 .4B14 
E08 D ~224B14E2 


We Ki 
ae zal 
Se 4 a 

: a 
‘ Be 


In the preceding examples two and three, the binary point 
is assumed as indicated by the arrow: ; 


012345678910 11 12 13 14 15 16 17 18 19 20 21 22 23 


Two bit-numbering methods are presented'on the GE/PAC Console. 
Bits are numbered from left to right for scaling purposes. - : 
The binary point,in fixed point arithmetic, is specified 
relative to the sign (left most) bit. ~- 

Bits are numbered from right to left for instruction purposes. 
There is a class of instructions which permit bit manipulation 


é9s 


2.4.2 


2.4.3 


in the GE/PAC Computer. For this class of instructions, 
the bits are numbered from right to left i.e., bit zero 
is the right-most bit of the A Register and bit twenty- 
three is the sign bit. 


The assembler will generate the binary equivalent for a 
CON constant. A symbol appearing in the Location Field 
of any constant will be entered in the assembler table 

of symbolic equivalences. All references to the constant 
may be made by that name. 


Single Word Floating Point Decimal Constant 
The first operand, F, in the following example, identifies 


the constant as a floating decimal. The second operand 
presents the value of the constant. The number following 


_ the E indicates the power of ten exponent. 


A single word floating point constant is formed with the 
characteristic in the six bits following the sign bit and 
the normalized mantissa in the rightmost seventeen bits 
of a word. 

£3 22 21 201918 17161514131211109 8765432310 


Magnitude of Mantissa 


Characteristic (= binary exponent + 40.) 


Sign of Floating Point Number (0 = +) 
Variable Length Alphanumeric Constant 


The first operand, A, identifies the constant as an alpha- 

numeric. The second operand presents the number of characters 

of the constant (between 1 and 52). The third presents the 
characters of the constant. The constants are translated to the 
GE/PAC 6 bit code and packed four per word from left to right. 

The last word is completed with blanks if there are not four char-. 
acters to fill it. 


GENERATE @NE W@RD--4TH CHAR, BLANK - 
(SAME AS ABOVE) | 
GENERATES THREE WORDS 
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2.4.4 


2:4.5 


2.5 


Single Word Octal Constant 


The first operand, G, identifies the constant as an octal 
constant. The second operand presents the value of the 
constant. 


Examples: 
sR: - ees 45 a7 on ao]so 51 22 53.54 
[v2 a 4s Pde» rofttisa.ia rats ne 17 ne np 20 21 23 23.24 25 26 77 28 29 9038 32.33 34 35 36 37 38 39 40 4) 42 4 53 56 


ONO 5311 


4 


ase 
E 
: 
The value of the second operand is converted to binary, 


right justified, and entered in the program as a single 
word constant. 


Single Word General Constant 


The first operand, G, identifies it as a general constant. 
The second operand specifies the value of the constant. 
The second operand may be any combination of parameters 
defined as legal for the Operand Field. A decimal, a 
symbolic, and an octal constant are illustrated here: 


Examples: 


eg i} 
Fe] a9 iolts]12 13 14 15 16 17.38 19 20 21 22 29 24 25 26 77 8 29H 3132-33-34 35 36.37 38 39 40 41 42 A ad]as 46 47 48 49)50 S152 5354 
es a 325 


Decimal constants of this type must be integers. B and E 
as used in the C@N,D pseudo op are not allowed. 


DCN - DOUBLE WORD CONSTANT 
DCN is used to generate double word program constants. The 


type of constant and its value is specified in the Operand 
Field. 


Ps 


et wee | Double Word Fixed Decimal 


The first operand, D, identifies the constant as a fixed point decimal. 

* Bit zero of the Q-Register does not enter into the calculation of the 
double register. The second operand presents the value of the constant. 
A binary scale factor and a power of ten exponent may be expressed in 
the constant. The binary point is relative to the sign bit in the first 
word. 


Examples: 


ow Te, 


ns Va 15 16.17 38 19 2021 72 29 24 25 26 77 MW 29 BO 91 32 33.34.35 36 37 38 99 40 41 42.42) cafes 46 47 48 49)50 51 52 53 54 
te 
{wks 
; 


By 
Y 


In the preceding examples two and three, the binary point 
is assumed as indicated by the arrow: 


Always zero 
‘2.5.2 Double Word Floating Point Decimal Constant 
The first operand, F, identifies the constant as a floating 
decimal. The second operand presents the value of the 


constant. 


Examples: 


The format of the double word floating constant is illustrated 
below: 


23,22 | ‘ | 
==} 


Magnitude of Mantissa 


binary 
Characteristic (= exponent + 400.) 


Sign of Floating Point Number (0 = +) 
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2.5.3 Double Word Octal Constant 


The first operand, $, identifies the constant as an octal con-/” 
stant. The value of the constant is presented in the second 
operand, It is converted to binary, right justified, and 

* entered as a double word logical constant (48 bits). Bit zero 
of the Q-Register-is considered as part of the construction — 

of the constant. . 


Examples: 
2-3 4 5 GEHTS 9 10leii2 19 1415 16 17 38 19 20 21 22 23 24 25 26 27 28 29 3 31-32 33.34 35 36 37 38 99 40 4) 42 A3f aches 45 47 48 49150 
Same | 
E/DCNg 


2.6 GEN - GENERATE DUPLICATES . 


A GEN instruction operand specifies the total number of 
times the following instruction will appear. The operand 
may be a combination of parameters defined as legal for 
the Operand Field. Symbols used must be predefined. 


IS EQUIVALENT TO 


ye~ Suen eh Re O 
sens Ste Gs oye 


’ 
; 
i 
a 
‘2 
ia 
: 
o 


* The GEN instruction cannot be used to duplicate the fol- 
lowing pseudo-ops: 


@RG EQL 
BSS)’ DEF 
DCW . SLW 
CON,A. END | 
GEN LIB ) 2 fe 
IDN 
~13- 
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2.7. 


2.8 


2.8.1 


EQL - ASSIGN A SYMBOLIC EQUIVALENCE 


EQL is used to assign a value to a symbol during assembly. 
This function is useful in sharing storage areas, establish- 
ing communication between programs, and assigning parameter 
values in a form adaptable for changes. 


Enter the symbol into the Location Field and its equivalent 
value into the Operand Field. The operand value may be any 
combination of parameters described in Section One. There 
is one restriction; symbols written in the Operand Field 
must be previously defined. 


* th) " 
i 29 4 5 PE] eo volitisa vo 14 15 v6 17 16 19 20 21 22.23 24 25 26 27 2429 90 30 32 23 34 35 36 37 38-99 40 41 42 Ah caps 46 47 48 49)50 51.52 53 5155 56 57 3839 
Bea aD) 


DEF - DEFINE A NEW OPERATION 


DEF permits the programmer to define new operation codes 
(i.e., codes that are not defined in the PAL language). 


DEF is used for the following reasons: 


1. An op-code may not exist for all GE/PAC Computers; 
therefore it is not included in the basic PAL language. 
The programmer may define the op-code when frequently 
used in his system. 


2. Tables of parameters may consist of more than one value 
packed within a word. In this case, it is more con- 
venient to write the values separtately and allow the 
assembler to combine them into single words. Otherwise, 
the values would have to be hand-assembled to one-word 
constants and entered by using the CON pseudo-op. DEF 
permits the programmer to define new operation codes 
that will accept multiple values as separate operands, 


A detailed procedure for using the DEF pseudo-op follows. 


Op-Code Definition ease ecat 


Machine operations (Op-Codes) are written with optional 
operands separated by commas. The assembled instruction 
results from combining the values of the operands with a 
"base octal" associated with the op-code. The base octal 
is twenty-four bits long. 
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2-For infrequently used operations, it may be easier to insert 
the undefined instruction as an octal constant. 


Each operand has two format characteristics: 
- Operand width (specified as the largest octal 
value that may be generated) 
~ Position (Where the value is placed in the 
finished word) 
Example: The machine op-code ADD is comprised of the 
following: 
- Base octal of 11000000 
- Two operands 


First operand value is placed into bits 14-0 
(width 77777¢, position 0) 

Second operand value (index register) is placed 
into bits 17-15 (width 7, position 15) 


When defining a new op-code, specify the base octal, 
widths, and operand positions. Up to four operands are 
normally allowed’ (coded in columns 12-68). The assembler 
then follows the instructions each time the new op-code is 
encountered. The assembler itself uses this technique to 
process op-codes which are permanently defined. 


Defining a new op requires defining "audit codes." An 
audit code specifies an operand width and position to 
the assembler. Each audit code has a number associated 
with it. Sixty-four audit codes are available for the 
assembler. Audit code numbers 0-20 are pre-defined 
(Refer to APPENDIX C). Codes 21-40 should be avoided by 
the programmer; they are reserved for PAL and Monitor for 
future op-code additions. Audit code 63 has special use 
(Refer to para. 2.8.2). Therefore, only audit code © 
numbers 41-62 may be assigned freely by the programmer. 
It is recommended that the programmer start with 62, 
numbering in reverse. 


Three steps in defining a new operation follow: 
1. Determine width and position of all operands 
2. Define audit codes for those widths and positions 
3. Define the op-code by assigning to it the audit 
codes from step 2 above. 


The steps in detail: 


1. For each operand of a new op-code, determine its width 
and the position of its right-most bit (anchor bit). 


“15% 


3-Refer to para. 2.8.2 when more than four_operands. are 
required. 


Example: Assume a new op-code, called AAA, were needed 
with the following characteristics: 


a. A base octal of 12034560 


b. Two operands, whose values are placed in bits 17-15 
and bits 3-0. These operands are described as fol- 

‘ lows: Operand one has a width of three bits and an 
anchor bit of 15. This. width is expressed as the 
largest number it can contain in octal (in this case, 
7 is the largest number 3 bits can contain). The 

_ second operand has a width of four bits (/17) and an 

‘ anchor bit of zero. 


F 2. Define audit codes for each operand as follows: 


a. Write the audit code in columns one and two of 
the Location Field 

b. Write DEF in the Op Code Field 

c. In the Operand Field, write two operands separated 
by a comma. ‘The first is the width, expressed in 
octal; the second is the anchor bit position. _ 


Example: 


The coding for AAA above follows: 


Location Op-Code Operand 
62 DEF 
61 DEF 
Audit Code Width Anchor Bit 


3. When all necessary audit codes-are-defined,—the op=code—~——" 
itself may be defined. 


. -Write the new operation mnemonic in columns one 
* through three of the Location Field. 
-Write DEF in the Op Code Field. 
-Write the base octal and audit codes, separated - 
by commas, in the Statement Field. 


* - Revised 6/65 ~16- 


2.8.2 


Example: 


Location Op-Code Operand 
AAA DEF /12034560,62,61 
Mnemonic Base Octal First - Second 


Operand audit codes, 
in the order the 
Operands will appear. 


The new op-code may now be used (note that a symbolic 
operand may be used): 


Result 12 14/3 4 5 6 {2 
| 12 |3/3 4 5 61|0 


lst Operand 2nd Operand 


rare 


Different op-codes may share audit codes if they have operands 
which coincide exactly in width and position (i.e., the 
programmer need define only one audit code—for-—a—particular —~——" 
operand width and position, then that audit code may be used 
freely for as many op-codes as desired). 


Extra Operands Option “ 


When generating special tables of data, four operands may be 
inadequate. 


Example: A table of constants is desired where each word is 
divided as follows; each section is able to take 
on an independent value. 


23|22 21 20 19/18 17 16 15 14 13/12/11 10 9 8| 7 6}5 43210 


The normal technique for op-codes permits only four operands, 
which is insufficient (the example requires 7 operands). The 
use of DEF in the Extra Operands Option permits up to 12 
operands. The steps for defining an op-code when using the 
Extra Operands Option are nearly identical to those fora 
normal op-code. 
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1. For each operand, determine its width and the position of 
its right most bit. 
Example: 


width (no. of bits) largest number anchor bit 
it can contain 


1 
17g 


779 
l 
179 
3 
779 


2. Define audit codes for those positions and bit lengths 


peceaien 


Idwoedanassds eras 


UDEFp|/ 1,23 
oa Bs 19 


Note: If an audit code, with identical width and anchor bit 
for an earlier op-code is defined, it need not be 
defined again, but may be used for this op-code. 


3. When all necessary audit codes are defined, the op-code 
itself is defined. To signal the Extra Operands Option, 
place audit code 63 as the first audit code. 


Example: (BBB is used as the mnemonic for this op-code). 


fe 9 9 108", PME LT i ese 32.33.34 35 36 37 38 39 40 43 42 4: ieee 


Base Octal 


Audit codes, in the 


Extra Operands Option same order the 
operands will appear 


218s 


4. Using the new mnemonic: 


ah ‘ 


3B 0, 0, 


are assembled as: 


22 2 a 20 ~ 18 17 = io gee es ry) Ht 10 9 a ; 22 8 ek 
Lil 77202777 
28 t = 20021104 

_ 90020000 
2.8.3 General Rules . 


1. DEF is available only for additions to the language, 
not for substituting new definitions for permanently 
defined PAL op-codes. ; 

2. Operands of the DEF instruction itself may be written 
in decimal, octal, or symbolic. However, all- symbols 
must be previously defined. The usual rules for ¥ 
determining if operands are relative or absolute do 
not apply. All operands are considered absolute. 

3. Operands for newly defined op-codes follow the usual 
rules for translation as absolute or relative symbolics 
(Refer to page 23) 

4. Audit codes must be numeric. 

5. Audit codes 41-62 only may be used. (it is recommended 
that the programmer start with 62 and number in reverse). 

6. New op-codes and their audit codes and their audit code 
definitions are a part of the ''Common Symbol Tape," 
which may be preserved for subsequent assemblies. 

7. The Extra Operands Option may be used for defining all 
op-codes. However, normal use of DEF for op-codes re- 
requiring four or fewer operands will save space that 
the assembler can use to store more symbols. 


2.8.4 Error Conditions 


1. When a mnemonic is used to define an operation that 
has been permanently defined, the first definition 
applies and the new definition will be flagged as a 
location error (L). Permanently defined op-codes are 
those that make up the PAL language codes. 


2. When defining an op-code, if audit code 63 (Extra 
Operands Option) is written anywhere except directly 
after the base octal, an illegal operand error (I) 
will occur. Definition of the op-code is terminated 
at this point. 

3. When defining an audit code, the numbers 0 through 20 
will be flagged as a location error (L). They are 
reserved for the assembler. 
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2.9 SLW - SLEW PRINTER PAGE 


Upon encountering the SLW pseudo~op, the assembler positions 
the paper to the top of the next page. Assemblers operating 
on computers without output page control ignore the SLW 
instruction. 


2.10 END - END OF PROGRAM 


END is used to terminate the assembly and must be the last 
statement in a program. Upon encountering END, the assembler 
generates control information for the loader. 


An operand value may be specified to indicate the starting 
point of the program. When this is done, the starting 
address is also communicated to the loader. 


Zekl MONITOR Pseudo-Ops 


Pseudo-Ops exist to generate constants for MONITOR. They are 
used to generate parameters for calling sequences.and format ——-——- 
words for input/output. These Pseudo-Ops are described in 

the GE/PAC MONITOR Manual and are available only through the 
MONITOR Common Symbol Tape. Refer to paragraph 2.8.3, item 
#6, of page 19. : 


2.12 LOADER Pseudo-ops 


Two pseudo-ops are required for the GE/PAC Loader to call 
pre-assembled library routines and functions as continuous 
parts of a program. One identifies the pre-assembled program, 
routine, or function; another requests that such programs 

be read from a library tape. 


These pseudo-ops are used by FORTRAN. They may also be used 
in any PAL language program to call standard pre-assembled 
subroutines without including the subroutine as a symbolic 
part of the program. 


2.12.1 IDENTIFY - IDN 


IDN when used must be the first instruction of a program. 

It identifies the program as a library subroutine which may 
* be called by some other program. No ORG or DCW may appear 

in a library subroutine. The identification is limited 

to six alphanumerics, the first of which must be alphabetic. 


Example: IDN SQRTF 


The example states that the following program is SQRIF 

and may be called by another program. 

The assembler generates two lines on the listing. The octals 
are preceded by an "8" control frame and contain the six-bit 
BCD representation of the identification requested. No 
memory Ls-reservéd by the-assembler. 
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LIBRARY - LIB 


LIB pseudo-ops are interpreted by the loader as a command 
to call preassembled functions (identified by IDN) from a 
library tape of standard pre-assembled routines. Any LIB 
pseudo-op must immediately precede the END card for the 
program, 


Example: SQRIF LIB 


This example states that the programmer requests the SQRTF 
function to be included as an adjoining part of his program, 
The assembler generates two lines on the listing. The octals 
are preceded by a "9" control frame and contain the six-bit 
BCD representation of the program identification requested. 
The loader, after encountering an LIB call, searches for the 
specified library subroutine (SQRTF in above example). The 
routine will have been identified with the IDN pseudo-op. 
One memory location is reserved by the assembler for each 
LIB pseudo-op. The loader fills in the relative branch to 
the actual locations of the requested subroutines when they 
are loaded into drum or core. 
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3. 


PROCESSING & OUTPUT 


GE/PAC uses a two-pass assembler. During the first pass, 
the assembler examines the storage allocation and forms a 
table of symbolic equivalences. Each symbol appearing in 
the Location Field is entered into the symbol table. Dur- 
ing the second pass, the assembler completely forms each 
instruction code. For each symbolic operation, the assem- 
bler searches a table of permanent operation codes to ac- 
quire its corresponding base octal and audit codes for op- 
erand treatment. The Operand Field is scanned, and equiv- 
alent values are computed using the symbol table formed 
during the first pass. The base octal and the operands are 
then combined using the audit codes. The final step in 

the assembly of each statement is the preparation of a line 
of output for listing and direct loading. 


ABSOLUTE AND RELATIVE VALUES 


An operand address of an instruction which references memory 
may be specified to be assembled absolute or relative. An 
absolute address is the true location of the referenced 
memory cell. A relative address is the difference between 
the address of the referenced memory cell and the address of 
the instruction. The result is negative when the referenced 
address issmaller than the instruction's address. 


An operand as written by the programmer can consist of one 
or a combination of the following terms: 


An absolute label ? Pesos Hazes 
An integer 
A relative label 


; ative terms 
The * (present ieeatteee Res 


Combinations are formed using add (+), subtract (-), multiply 
(*), and divide (/) operators (Refer to para. 1.3). 


An operand is assembled relative if any relative term (a 
relative label or the asterisk) appears in the combination of 
terms. An operand is assembled absolute when no relative 
term appears. 


A label usually represents an address in memory. To reference 

an address absolute, the label associated with that address 

must be specified as absolute. Otherwise, it is assumed to 

be relative by the assembler. A label specified as Common to 
more than one program (Refer to para. 3.2) is assembled as an 
absolute label in all programs in which it is referenced. 

Two additional methods to specify a label absolute are as follows: 
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1. Place a dash in column seven of the line of coding where 
the label appears in the Location Field. 


Example: ALPHA -LDA BETA ALPHA will be referenced absolute 
Zs Use the EQL pseudo-op to equate the label to an absolute—. 

operand. 

Example: GAMMA EQL ALPHA+2 Both ALPHA and 2 are ab- 


solute. Therefore, the 

operand is absolute and 

GAMMA will be considered 
absolute. 


COMMON SYMBOLS 


A label is specified to be Common’by placing an asterisk (*) in| 
column seven of the line of coding where the label appears in the 
Location Field. Each Common label and its value is available  __ 
through a common symbol tape to all other programs in a system, 


ASSEMBLER VARIATIONS 


Variations in the capabilities of language translators originate 
from the different operating environment of each. For example, 
the memory available affects the size of the symbol table. It is 
important that the characteristics of each translator be examined 
prior to its use. 


OUTPUT 


eae 


Each translator of the assembly language possesses its own output 
characteristics. However, all translators can produce the two 
basic output requirements: 

- an assembly listing, which includes the original symbolic 
information plus the assembled instructions in the relative 
and absolute forms. The output listing will also contain 
error flags. They are defined in Appendix B. 


~ a punched paper tape for direct loading in the GE/PAC system. 


Dia lee 


CHARACTER CODE TRANSLATION 


The list of characters in Table I comprises 
the total character set associated with the 
assembler language. The six bit octal asso- 
ciated with each character represents the 
equivalent code produced by the paper tape 
preparation device for input. The six bit 
octal also represents the code produced 
when using the alphanumeric constant, 


The additional characters listed in Table II 
are legal in the Comment Field. Table III 
presents functions that have meaning in paper 
tape versions of the assembler, but are not 
part of the Assembler Language. 


TABLE I 
CHARACTER 


APPENDIX A 


TABLE I 


TABLE III SG unwere 


carriage return = 


tab 140 
punch on = 162 
punch off = 164 
print red = 161 
print black = 160 
delete = 177 

stop 
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APPENDIX B. 


ERROR R FLAGS. oo 


The assembler performs validity tests on each instruction. 
When errors or suspected errors are detected, one of the following indicators 
will appear on the output listing. 


DEF INITION 


Location Field Error 


Operation Field Error 


Index Word Error 


Undefined Symbol 


Illegal Character 


¥ 

Illegal Operand 
e 

— 


Multiply-defined Symbol 


Second Pass definition 
of symbol different 
from First Pass 


oF 


and: 
1. 


2. 


CAUSE 


First.character of the label is not alphabetic, 

(See Appendix A, Table I). 

Using the DEF pseudo-op when: 

- the mnemonic assigned is a GE/PAC machine 
operation. . 

- requesting "Extra Operands" definition when 
mnemonic has been previously defined as machine- 
typed operation. 

~ there is an illegal audit code number. 

Location Field is blank when a symbol is required. 

Location Field contains a symbol when not allowed. 

The Op-code not part of the language or was not 

added to the table through the DEF pseudo~op. Thi: 

often occurs when definition was attempted but was 
illegal. Consequently, it was not added to the 
operation table. 2. This op-code cannot be GENerat 

Blank operand when an operand is required. 

Operand not blank when it should have been. 

One or more required operands -missing. Lasers 

Too many operands. 

Operand value too large. 

Negative operand value in an instruction that will 

not accept one... 7. Illegal constant 

Index word 1 or 2 specified. 

Required index missing.~ e 

Specified index word is greater than seven. 


Occurs our. when a symbol appears in the Operand Field 


It never appeared in the Location Field or on the 
Common Symbol Tape. 

It appeared in the Location Field, but the symbol 
table was full at that time. 


A character, not associated with the assembler languag 


was 
l. 
A 
3. 


found in one of the following fields: 
Location 

Op-Code 

Operand 


(Refer to Appendix A, Table II) 


1. 


Symbol in Location Field was flagged because: 

- it has appeared in the same field on a previous 
record 

- it appeared on the requested EQL tape with a 
value unequal to the one being assigned. 

- it was saved from a previous assembly with a 
value unequal to the one being assigned. 

Any record which references a multiply-defined 

symbol in the Operand Field will also be flagged. 


R Relative Operand Error Operand value was relative and should be absolute. 


F Tables full 


_~ e 4 rire 


APPENDIX C 


Each machine instruction may have operand values. The assembler has a 
list of operand-associated numbers called audit codes. These numbers 
uniquely identify individual operand requirements. Two basic character- 
istics of audit codes are: the operand width expressed as a mask and an 
anchor position. 


AUDIT CODES 


A maximum of sixty-four audit codes are available. Audit codes 0 through 
40 are reserved for the assembler and Monitor; 41 through 62 are avail- 
able for programmer definition. The first twenty audit codes are de- 
fined and listed below. 


AUDIT /OPERAND | ANCHOR — ERROR-FLAG CONDITIONS 
Not 
No . | O° | © | No operand ac- ac- 
mas 
| adhe ort 

P| iy be absolute 
or relative. 
For instructions x lx 
with optional 
Tag Field. Must 
be absolute if 


PLO 
ee eee 
Must be absolute 
ae ee 


Must | Must be absolute, _| absolute 


Pass without 


audit (any value 


ai ok ): 
3 15 For instructions Le I X |X 
requiring a tag. 
M4 DE ADSO = : ; Z 


7 2 K bits. Must be L 


absolute. 


14 Value will be I 
negated (TXH). 
Must be absolute, 
23 a may be | 
solute or 
: relative (DEL) 


tion. 


a oc LCT 


relative or ab- 

solute and may be 

ais 
press ab setute say ie 
5 OH ; , Fae Oe eee ce ce 
Ce ee ee eee ole a 
a oe ee 

ee Absolute only CO a 


For STR- -type in- 
Pe See ee ee fe 

Absolute only; Es 
ae ree 


* = Revised 3/66» ~27- 
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APPENDIX D 


MACHINE OPERATIONS ——= 


MNEMONTIC NAME 


APPEND ITEM TO BEGINNING OF LIST 
ABORT DEVICE D's OPERATION ‘ 


ACT ACTIVATE DEVICE D's INTERRUPT 
ADD ADD 
ADO ADD ONE TO BIT K 
AEL APPEND ITEM TO END OF LIST 
AFA * ADD. FIELD -TO:-A 
AKA ADD K TO A 
ANA AND TO A 
BRU BRANCH UNCONDITIONALLY 
BTR BRANCH IF TSTF RESET 
BTS BRANCH IF TSTF SET 
CBK CHANGE BIT K 
CLO COUNT LEAST SIGNIFICANT ONES 
CLZ COUNT LEAST SIGNIFICANT ZEROS 
CMO COUNT MOST SIGNIFICANT ONES 
| CMZ COUNT MOST SIGNIFICANT ZEROS 
| CPL COMPLEMENT A 
| DAD DOUBLE ADD 
| DLA (SHIFT) DOUBLE LEFT ARITHMETIC 
| DLD DOUBLE LENGTH LOAD 
| DEL (SHIFT) DOUBLE LEFT LOGICAL 
| DMT DECREMENT MEMORY AND TEST 
; DRA (SHIFT) DOUBLE RIGHT ARITHMETIC 
: DRC (SHIFT) DOUBLE RIGHT CIRCULAR 
| DRL (SHIFT) DOUBLE RIGHT LOGICAL 
DST DOUBLE LENGTH STORE 
DSU DOUBLE SUBTRACT 
DVD DIVIDE 
ERA EXCLUSIVE OR TO A 
| FAD FLOATING ADD 
| FDV FLOATING DIVIDE 
| FIX FIX FLOATING NUMBER ; 
| FLO FLOAT FIXED NUMBER 
| FMP FLOATING MULTIPLY 
FSU FLOATING SUBTRACT 
TAI INHIBIT AUTOMATIC INTERRUPT 
IBK ISOLATE BIT K. 
IDL * INPUT FROM DEVICE TO LIST 
IN INPUT FROM DEVICE D 
INX INCREMENT X 
| JND 


JUMP IF NO DEMAND 


29's 


~ 


MNEMONIC NAME 
JNE JUMP IF DEVICE D NOT IN ERROR - 
JNO JUMP IF NO OVERFLOW 
JNP JUMP IF NO PARITY ERROR 
JNR JUMP IF DEVICE D NOT READY 
LBM LOAD BIT MASK 
LDA LOAD THE A REGISTER 
LDB LOAD HIGHSPEED 1/0 BUFFER 
LDF LOAD FIELD 
LDI LOAD INDIRECT 
LDK LOAD A WITH K 
LDO LOAD ONE INTO 
LDP LOAD PLACE 
LDQ LOAD THE Q REGISTER 
LDR LOAD REGISTERS 
LDX LOAD X WORD 
LDZ LOAD ZEROS INTO A 
LMO LOAD MINUS ONE 
LPR LOAD PLACE AND RESTORE 
LXC LOAD X WITH COUNT 
EXK LOAD X WITH K 
MAQ MOVE A TO Q 
MPY MULTIPLY 
NEG NEGATE 
NOP NO OPERATION 
ODL 3 OUTPUT FROM DEVICE TO LIST 
OOM OPERATE ON MEMORY 
OPR OPERATE DEVICE D 
ORA OR TO A 
OUT OUTPUT TO DEVICE D 
PAI PERMIT AUTOMATIC INTERRUPT 
RBK RESET BIT K 
RBL REMOVE BEGINNING ITEM FROM LIST 
RCS READ CONSOLE SWITCHES 
REL REMOVE ENDING ITEM FROM LIST 
REV RESET TSTF IF BIT K IS EVEN 
RNZ RESET TSTF IF A IS NONZERO 
ROD RESET TSTF IF BIT K IS ODD 
RPT REPEAT INSTRUCTION IN LOCATION Y 
RST RESET TSTF 
SBK SET BIT K 
SEL SELECT DEVICE D 
SET SET TSTF 
SEV SET TSTF IF BIT K IS EVEN 

. SFA x SUBTRACT FIELD FROM A 
SKA SUBTRACT K FROM A 
SLA SHIFT LEFT ARITHMETIC 

"SHIFT LEFT LOGICAL 


-~29- 


“MNEMONIC NAME 


SNZ SET TSTF IF A IS NONZERO 
SOD SET TSTF IF BIT K 1S ODD 
SPB SAVE PLACE AND BRANCH 
SRA SHIFT RIGHT ARITHMETIC - 
SRC SHIFT RIGHT CIRCULAR 

SRL SHIFT RIGHT LOGICAL 

SSA SET STALL ALARM 

STA STORE CONTENTS OF A 

STB STORE HIGHSPEED 1/0 BUFFER 
STF STORE FIELD 

STI STORE INDIRECT 

STQ STORE CONTENTS OF Q 

STR STORE REGISTERS 

STX STORE X 

SUB SUBTRACT 

TER TEST EVEN AND RESET BIT K 
TES TEST EVEN AND SET BIT K 
TEV TEST BIT K EVEN 

TFE TEST FIELD EQUAL 

TFL TEST FIELD LESS 

TNM TEST NOT MINUS ONE 

TNZ TEST A NONZERO 

TOD TEST BIT K ODD 

TOR TEST ODD AND RESET BIT K 
TOS TEST ODD AND SET BIT K 
TSC TEST AND SHIFT CIRCULAR 
TXH _ TEST X HIGH OR EQUAL 

wae TEST ZERO AND COMPLEMENT 
TZE TEST A ZERO 

XEC EXECUTE 


* = GE/PAC 4050 and 4060 only 
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APPENDIX 


BINARY CARD FORMAT 


Data Card 


Column 1, row 12 - 0 if Core, 1 if Drum or Disc 

Column 1, row 11 - 0 if Absolute, 1 if Relocatable 

Column 1, rows 0-5 - Number of words (n) n<32 

Colum 1, rows 6-9 - Checksum, 4 most significant bits 

Column 2 - Checksum, 12 least significant bits 

Column 3, row 12 - 0 

Column 3, rows 11-9 - Starting address, 11 most significant bits 
Column 4 - Starting address, 12 least significant bits 


Starting at column 5 are 2n columns containing n words of data, 12 bits . 
in each column, the most significant half first. 


Additional groups of starting addresses (same format as columns 1-4) and 
data may follow the first group if there is sufficient room before column 
69. 


“The checksum is formed by separating each data word and the starting 
address into 2 parts, each 12 bits long. Each half if added to the 16 
bit checksum. Overflow out of the 16th bit is ignored. : 


Transfer (END) Card 


Column 1, rows 12-5 - 0 
Column 1, rows 6-9 - Checksum, 4 most significant bits 
Column 2 - Checksum, 12 most significant bits | 


- Transfer address, first half 
Transfer address, second half 


Column 3 
Column 4 


A blank card is considered a TRA card, no transfer. 


Identification Card CIDN) 


Columns 1, 2 -~ 0 
Column 3 - 4031, (reading top to bottom - I) 
Column 4 ~ 2445. (reading top to bottom DN) 


Columns 5, 6 
Columns 7, 8 


There is no checksum 
LIB Card 

Columns 1, 2 

Column 3 

Column 4 

Columns 5, 6 


Columns 7, 8 


There is no checksum 


24 bits representing the first IDN word 
24 bits representing the second IDN word 


0 

4043. (reading top to bottom -L) 

3122, (reading top to bottom IB) 

24 bits representing the first LIB word 
24 bits representing the second LIB word 


9 Jes 


E 


-@o7 


- APPENDIX E Figure | 


ee ce | ie = IDN or LIB 
0 = Drum ANT 
2n COLUMNS CONTAINING n WORDS OF DATA 
1 = Relocatable (. 
0 = Absolute De oN 
7 100000000000000000000000000000000000000000000000000 0000000000 0000000000, 
59|70)71 72-7314 2511677 787860 


9 10 11 12 13 14 15 16 17 18 19 20.21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 26 37 3B 39 40 41 42 43 44 45 45 47 49 49 50 51 52 53 54 55 56 57 5B 59 60 61 62 63 64 65 66 67 68 
Ee ee er oe ee ee eee 


Number of 2222222222222 Tere Cena eea Cee Cee LceaeCenaCceaCeeeceeaecenaie |) CeLDea 


Words ae oe 
(n) n<32 8 313333333333333333333333333333333333333333333333333333333333333333 
Vig SUL OCevecercevecerererrererererreverecererrertrrrerererrerererc) cere) cere, 


3)313 33.3313 3333 


ee ee 
bpoamamammmmarammmmnmmmmaanammbpanin 


b) ERAS RE RRRE ERASE EERE RRR SERERRGRSEEREEERRRAEEEEREREASEEEEEERREOE) | REGEL EERE: 


‘ 
6 11S 
tA ° \ 


Starting address (Core, Drum or Disc) 
6 is used 
Checksum (16 bits) of the next 2n+2 columns for PAL 


OCTAL LOAD TAPE FORMAT (Example) APPENDIX F 


ONE WORD OF INFORMATION 


CHANNEL CONTROL DATA FRAMES SPACE OR 
NUMBERS FRAME 123 4 5 6 7 8 CAR, RET, OCTAL CODE 
8 ‘Hundreds Position 
7 Tens Position 4 
6 Tens Position 2 
5 Parity 
4 Tens Position 1 
oe Sa a a a Sprocket Feed 
3 ? O ———— Units Position 4 
2 o 9 Units Position 2 
1 Octal 3 4 5 6 7 1 2 4 CR “~~ Units Position l 
Data 
BI-OCTAL TAPE FORMAT (Example) 
CHANNEL 
NUMBERS ONE WORD OF INFORMATION ' BI-OCTAL CODE 
8 CONTROL DATA FRAMES Not Used 
7 FRAME Me -° De. es ee Tens Position 4 
6 ) a a ie Tens Position 2 
° 
5 5 .) oO oO Parity Indicator 
4 . . 2 4 - Tens Position 1 
AC: Gm ORie Web yale 0a Sprocket Feed 
3 Gee te Units Position 4 
2 © ro) -Units Position 2 
1 Bi-Octal ~~. Units Position 1 


Note: 


Note: 


77 42 76 25 
Data e 


All characters have odd parity 


PAL BI-OCTAL 
INFORMATION TYPE PRINTOUT CONTROL FRAME | 


Data 

Starting Address (ORG) 

Checksum 

Skip (BSS) 

IDN 

LIB 

END 

Drum Starting Add. (DCW) (See Note) 


All load tape information is in bi-octal format except a drum starting 
address. The drum starting address appears on the bi-octal tape in the 
same format as an octal tape: a (14), Control Code is followed by 
eight octal frames, followed by a carriage return (100)... 


“336 


GE/PAC 4000 5, 


Fee 
not BeErLICABLE to onthe aes 
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IDENTIFICATION 


PAL45 - PAL-225 Assembler 


PURPOSE 


To provide complete PAL assembly capability on the GE-225. 


OBJECTIVES 
1. To assemble symbolic programts) punched on cards in the PAL format. 
2. To print an assembly listing. 
3. To produce a binary card load deck in a format acceptable to: 
a. The 225 GE/PAC Simulator 
b. Card equipped GE/PAC computers 
ec. The 225 Card to Paper Tape Translator for paper tape generation. 
4, To save the common symbols for subsequent assemblies when selected as a 


console switch option. 


SYSTEM COMMUNICATION 


Console Operation - GE 225 


1. Place a blank tape on Tape Unit 4. 


If a Common Symbol Tape is required, place it on Tape Unit 5. 
Place a blank tape on Tape Unit 6 to write a Symbol Tape. 


2. Place the PAL45 binary card deck and the symbolic program(s) deck(s) 
to be assembled in the following order in the card reader, 


Program decks follow the PAL45 deck with the "END" card of one program 
followed by the first card of the next program. Place three (400 CPM 
Reader) or two (High Speed Card Reader) blank cards at the end of the 
last deck. 


3 Blank Cards for 400 CPM Reader 
4 or 2 Blank Cards for High Speed Card Reader 
3 Blank Cards 


mre a Pin mane 


Pay 


a Deck 2 & ae Decks to be assembled 
i oe ats ae 
“WO Deck 1 4 

<*> PAL4S Deck 

| NRL Loader 

of 

‘ Zero Memory 

uf Card 


Library Control No. YPFO5XRL 
Console Operation - contd 
3, Set the Card Punch ready. 
4, Clear Console Switches. 
3» Select options with the following switch settings; 


Switch 17 - UP = Do not use Common Symbol Tape. 
DOWN = Use Common Symbol Tape. 


li 


18 - UP = Clear Common Symbol Table between assemblies. 
DOWN = Save Common Symbols between assemblies. 


19 = UP = Do not write a Common Symbol Tape. 
DOWN = Write a Common Symbol Tape. 


6. Press the following console buttons in the order listed: 


Reset Error 

Reset P 

Read Card 

Manual to Automatic 
Start 


onan Fm 


7. Contents of the console switches 17-19 are typed for operator 
verification. (O = UP, 1 = DOWN). 


Examp1Le : 100 * Switch 17 only 


If incorrect, reset switches to the correct setting and 
change the status of switch 0. Return to Step 7. 


8. Change the status of Switch 0 to start the assembly of the 
first program. 


9. To process another series of programs after "END JOB" is typed: 
a. Position the deck to be assembled in the card reader. 
b. Set switches 17-19 to select options. 


c. Change status of Switch 0. 
d. Return to Step 7. 


(2) 


¥ 


PROGRAM COMMUNICATION 


Operating Delays 


Library Control No. YPFO5XR1 


Under certain conditions PAL45 must communicate with the operator. 
A message is typed and the program delays for operator action. To 
continue, change the status of switch 0. 


MESSAGE CONDITION 


PUT BLANK ON 6 The program is 
ready to write 
a Common Symbol 


OPERATOR ACTION/RECOVERY PROCEDURE 


Verify that a blank reel of tape 
is on tape 6 of controller 1. 
Change status of switch 0 to con- 


Tape tinue. 


PUT SYM TAPE ON 5 The program is 
ready to read a 
Common Symbol 
Tape se 
All assemblies 
are completed 


END JOB 


Place symbol tape on Tape 5 of 
controller 1. Change status of 
switch 0 to continue. 


See Step 9, Console Operation, —_ 
to process another series of 
programs. 


HLT PR Printer not ready Restore the indicated 

HLT TP Tape Controller peripheral to ready status. 
not ready Change status of switch 0 

HLT CR Reader not ready to contine. 

HLT CP Punch not ready 

ERR PR Print Error Line is printed again. 

ERR TP Tape Error The tape is repositioned by the 
program and the tape operation 
is repeated. 

ERR CR Error detected Position card in error ahead of 
while reading a remaining cards. Restore the 
card or a card reader to ready status. Change 
jam occurred. switch 0 to continue. 

ALM CR Last Card in This typeout followed by HLT CR 


hopper has been 
read 


Language Restrictions 


PAL45 accepts without restrictions the 
the Process Assembler Language Manual. 


Addition 


(3) 


signifies that the feed hopper 
is empty. Place remainder of 
deck in the reader. Restore the 
reader to ready status. Change 
switch 0 to continue. 


PAL language described in 


Library Control No. YPFO5XR1 


GENERAL INFORMATION 


Any number of programs may be assembled at one time by PAL45. Symbolic 
program card deck(s), punched in the PAL format, as well as an optional 
system Common Symbol tape are acceptable input. Each program to be 
assembled requires two passes to complete assembling, listing, and 
punchirg a binary load deck. 


Pass 1 forms a table of all symbols appearing in the location field 
together with their values. A symbolic magnetic tape is produced 
for the second pass input. 


Pass 2 lists the assembled data and the contents of the symbolic cards. 
Appendix A illustrates the Program Listing Format. A binary card deck 
is punched to be used for loading into the 225 GE/PAC Sinulator or 
card-equipped GE/PAC computers. CPT42, a separate program available 
for GE-225 computers which have paper tape punches, translates cards 
to paper tape for GE/PAC computers lacking card readers. (YPFO7 - CPi42 
Binary Card to Paper Tape Translator/225.) 


PAL45 saves the common symbols after completion of the second pass for 
optional use by the next program. Processing continues automatically 
with the assembly of the next program in the reader. A blank card 
following an "END" card signals that the last program of the deck has 
been assembied. The Comnon Symbol tape is written at this time if 
that option has been selected. 


Any combination of the following options may be specified by console 
switch settings: 


1. Switch 17 - a Common Symbol tape is read in for use by the 
first program and the common symbols are saved for all 
programs which follow in the deck. 


2, Switch 18 - all Common Symbols are saved for all the programs 
following in the deck. (Differs from switch 17 only in that 
no Common Symbol tape is read in.) 


3. Switch 19 - a Common Symbol tape is written after the last 
assembly. 


Note: when Common Symbols from other than the last 
program in the deck are to be saved, use options 2 


and 3 together. 


The Binary Card format and examples of punched cards for PAL45 are 
contained in Appendix B. 


The table storage in PAL45 is set to hold up to 800 symbols and 
defined op-codes. 


(4) 
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Input 


Symbolic program card deck(s) punched in the PAL format. 
System Common Symbol (Magnetic) Fape (optional). 


Output 


Assembly listing on the high speed printer. 
Binary card load deck. 


8K Core 

Card Reader and Punch 
Maguetic Tape on Controller | 
High Speed Printer 


REFERENCES 

YPAOL LDR41 GE/PAC I.icader Packaze 

YPEO4 SIM03 GE/PAC Simelaci.< om the GE-225 
YPFO] PAL4G1 PAL/412 Assembler 


YPFO7 
YPG12 


CPT42 Binary Card to Paper Tape Translator/225 
GE/PAC 4060 Frocess Assembler Language (PAL) Manual 


(5) 


Library Contre? Ne. YProsx 
APPENDIX A 


PROGRAM LISTING FORMAT 


= [*V - 


Loca~ Derelativized True Symbolic Card Contents I.D. Field 
tion Equivalent Contents Columns 1 - 68 Cols. 70 = 80 

100001000 100001000 *ORG * 1000 60002900010 
001000 00004000 00004900 ALPHA LDA /4000 COMMENTS MAY 60002000020 
001001 32401006 32401006 STA BETA,4 APPEAR AFTER 60062900030 
001062 26300001 26300001 INX 1,3 THE FIRST 60002900040 
001003 2433494974 24337773 Pe 5,3 BLANK 600029 00050 
001004 34001060 34077774 BTS ALPHA 600029 00060 
001005 14001095 14040000 BRU CAMMA 600029000706 
001006 300000005 590000005 BETA *BSS 5 600029 00086 

1400040900 140004000 PRG /4900 606029 00090 


Note that BETA is an absolute label - reterence to it in location 1001 is absolute 
in both the True and Derelativized Fq ivaient colums., 


ALPHA is relacives cheretore its refecence in Location 1004 is relative in the 
Trse Contents coluom, absolute in tre Derelarivized Equivalents column. 


CAMMA is undefined. whe error flag J aptears. 


Nore chac af asteriSh appears in OL. on sever of Ce ties: ORs record while it is 
omitted bron a colcan 7 produces a Loader -coni rol 


thea secoart An OR. » - ae 4g ©° 8% 
2 


wood wihtel, gs» came 9 Loadiag, wilt oc ne. Loager trom accep. .ag a relocar.oan 
Value "s ooloma 7 as tere blank fo. Cote ab ons produced (sign b: is ser) will 
raguruch te Loader (9 accept. as « relics an val.e whaleyer was eatered throvgi che 


Conssle Seirctes 
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APPENDIX B = BINARY CARD 7ORMAT 


Data Card 


Column 1, row 12 -~ 0 if Core, 1 if Drum or Disc 

Column 1, row 11 - 0 if Absolute, 1 if Relocatable 

Column 1, rows 0-5 ~ Number of words (n) n.,32 

Column 1, rows 6-9 ~ Checksum, 4 most significant bits 

Column 2 ~ Checksum, 12 least significant bits 

Column 3, row 12 : - 0 

Column 3, rows 11-9 - Starting address, 11 most significant bits 
Column 4 - Starting address, 12 least significant bits 


Starting at column 5 are 2n columns containing n words of data, 12 bits in 
each column, the most significant half first. 


Additional groups of starting addresses (same format as columns 1-4) and 
data may follow the first group if there is sufficient room before column 


69, 

The checksum is formed by separating each data word and the starting address 
into 2 parts, each 12 bits long. Each half i- added to the 16 bit checksum. 
Overflow out of the 16th bit is ignored. 


Transfer (END) Card 


Column 1, rows 12-5 = 0 
Column 1, rows 6-9 and’ 
Column 2 - Checksum 
Column 3 - Transfer address, first half 
Column 4 - Transfer address, second half 


A blank card is considered a. dummy transfer card; no transfer to the routine, 


identification Card (IDN) 


Columns 1,2 ~ 0 

Column 3 - 4031, reading top to bottom (-I) 

Column 4 - 2445, reading top to bottom (DN) 

Columns 5, 6 - 24 bits representing the first IDN word 
Columns 7, 8 ~ 24 bits representing the second IDN word 


There is no checksum on the card. 


LIB Card 

Columns 1, 2 - 0 

Column 3 - 4043, reading top to bottom (-L) 

Column 4 ~ 3122, reading top to bottom(IB) 

Columns 5, 6 - 24 bitsslocation of the LIB call 

Columns 7, 8 - 24 bits representing the first LIB word 
Columns 9, 10 - 24 bits representing the second LIB word 


There is no checksum on the card, 


ev, 10-65 


1 = Core ‘v1 = IDN or LIB 
0 = Drum’ - ¢ fg 7 
wane ¢ : 
. Bits 2n COLUMNS CONTAINING 2 WORDS OF DATA Seer | 
1=Relocatable f ae A F pnoo SEQ. # 
0 = Absolute pre oe 
Dag §. QOCOGHHHOHESOCHOHKOHHAHAHCHOCHHAEESHETIAOCIILRHHEHERCHEEHORAEOE IER EGE p00 800 i 00090 
P2IES SS OMONRIKB CIES ANNNABS VAAN IIMB ED BR St REELS T SENET Sane 
PLERUURERRRESSOSRERESRREROEORORORAROECSESR ERO SEROSRESSOSEEOREREERES ees 
apexes pivid222222222222222222222202 22222222222 72222722 222221222222222222 22 ape ee 
(n) we 7 ae erconprrere ee Onrntinn rye criery( 333333333 
AMAGUAAA TAMA OETA AMAA EEG €45 rine 
i 
asbsssssssssssssssssssssssss oo 959 9939559555335 555553555555535 yale neee Scie 
i 
im 
| 
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APPENDIX B - BINARY CARD FORMAT . 


post seccecceessssccssscoocesses: BREEESECESESEESSSESESESESES EE EE ES 


cle ces668566 


2 acpentseieenmaneesinettnrisaneonstctoinaierinairaeinntes | Siti 


| i) 


Bulb SIRGBSERBRRSREERERSRTRAGHRSELSIELERITERTLERS $2 SERTHSST ERASE EEE E SEI 8 88888 asso os 


3/9 9389995999399999959993999855955 3338 $39§423933995°99399939999999955 
Re]2 dis 62 eS SP RUMEN MNDBARATAAL! CIWAEAT BRON CE MER CEGEY KGASH EN SEOKRE 
Lobe Ne STANDARC FORW $< ; 


Starting address (Core, Drum or Disc) 


Checksum (16 bits) of the next 2n-2 columns 


ashe 


for PAL 


Additional groups of starting addresses (same format as columns 1-4) and data may follow the first group 
if there is sufficient room before column 69. 


The checksum is formed by separating each data word and the starting address into two parts, each 12 bits 


long. 


Each half is added to the 16 bit checksum, Overflow out of the 16th bit is ignored. 


B- 2 
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APPENDIX B - Binary Card Format, contd. 
Data Card 
Column 1, row 12 ~ GC if Core, 1 if Drum or Disc 
Colum 1, row 1l - 0 if Absolute, 1 if Relocatable 
Column 1, rows 0-5 - Number of words (n) ng32 
Column 1, rows 6-9 - Checksum, 4 most significant bits 
Column 2 ; ~ Checksum, 12 least significant bits 
Column 3, row 12 - 0 
Column 3, rows 11-9 - Starting address, 1l most significant bits 
Column 4 ~ Starting address, 12 least significant bits 


Starting at column 5 are 2n columns containing n words of data, 12 bits 
in each column, the most significant half first. 


Additional groups of starting addresses (same format as columns 1-4) and 
data may follow the first group if there is sufficient room before column 
69. 


The checksum is formed by separating each data word and the starting 
address into two parts, each 12 bits long. Each half is added to the 
16 bit checksum, Overflow out of the 16th bit is ignored. 


TOC erer rere rhrrreert bret Dorie ke Cerone re Sin tr bitin fie 0 i ce eee 


0 
10 60 
PUEDE PTED EEE P EEE E TEEPE TEE EE EPP ea J 
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- Figure 3 - EXAMPLE OF DATA CARD 


Core, relocatable starting address 
Card contains 1 data word 

Checksum is 0010068 

Starting address is 1002g 

Data word is 00000004 
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APPENDIX B - Binary Card Format, contd. 


Transfer (END) Card 


Column 1, rows 12-5 - 0 

Column 1, rows 6-9 and Column 2 ~ Checksum 

Column 3 - Transfer address, first half a 
Column 4 ~ Transfer address, second half 


A blank card is considered a TRA card - no transter. 
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Figure 4 - EXAMPLE OF TRANSFER CARD 


Checksum is 002000, 
Transfer starting address is 00002000 (absolute starting address of 20008) 
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APPENDIX B - Binary Card Format, contd. 


_ Identification Card (IDN) 


Columns 1, 2 ' - 0 
Column 3 ~ 403ig reading top to bottom (~L) 
Column 4 ~ 2445, reading top to bottom (DN) 


24 bits representing the first IDN word 
24 bits representing the second IDN word 


Columns 5, 6 
Columns 7, 8 


There is no checksum.on the card. 
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Figure 5 - EXAMPLE OF IDN CARD 


Columns 5, 6 (47512700) ‘23 pass 
Colums 7, 8 (02202020) ) Coded in GE/PAC code; identifies the program 


as PRGO2 
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APPENDIX B - Binary Card Format, contd. 


Library Card (LIB) 


Columns 1, 2 - 0 pe ge 
Column 3 - 40433 reading top to bottom (-L) 
Column 4 - 31229 reading top..to bottom (1B) 


24 bits - location of the LIB call 
24 bits representing the first LIB word 
24 bits representing the second LIB word 


Columns 5, 6 
Columns 7, 8 
Columns 9, 10 


There is no checksum on the card. 
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Figure 6 - EXAMPLE OF LIB CARD 


Columns 5, 6 00001751 location 


Colums 7, 8 62505163 : . 
Columns 9, 10 20202020 Coded in ox/Pac code: Call Program SQRT 
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FOREWORD 


This is a reference manual for the GE/PAC FORTRAN language. 
A previous familiarity, on the part of the reader, with 
basic FORTRAN concepts is assumed. No attempt is made to 
present the essentials of FORTRAN in a form usable for a 
fundamentals course in FORTRAN language usage. The primary 
purpose of this manual is to describe the specific state- : 
ments and capabilities of the GE/PAC FORTRAN language. 


Additions have been made to the FORTRAN II language to 
increase programming flexibility. In addition, they 
provide the programmer with special statements which enable 
him to produce a total real-time system. 


Existing FORTRAN II programs can be compiled in GE/PAC 
FORTRAN, provided that the specific restrictions noted 
herein are not violated. 


INTRODUCTION .TO GE/PAC FORTRAN 


? 


* A GE/PAC FORTRAN program is a sequence of statements, 
each of whose characteristics is described in this manual. These 
statements may be classified according to the following general 
categories. ; 


l. COMPUTATION statements which comprise the working body 
of the program; e.g., numerical calculation and bit 
manipulation. 


2. CONTROL statements which specify the flow of control during 
execution. 


3. DECLARATION statements which supply information about the 
program. 


4. INPUT-OUTPUT statements which provide communication with 
the system peripherals. 


5. PAL LANGUAGE statements which may be included in 
the program in order to “tailor” certain critical areas. 


Program Preparation 


The statements representing a FORTRAN program are first 

entered on a coding form similar to that of Figure 1. The lines 
of the coding form are divided into sixty-nine columns, each of 
which may contain one character. Each statement is written on 
a separate line; i= more than one line is required, as many as 
four additional lines may be used as a “continuation™ of the 
statement. 


Columns 1 through 5 may be used for a statement number. Such 
numbers may be used as labels to which other statements in the 


program refer: 


A non-zero, non-blank character in column 6 indicates that the 
line is a continuation line. 


The body of the statement itself is entered in columns 7 through 
69 of the initial and any necessary continuation lines. 
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Column 70 must contain a "7" in all lines of all statements of 
categories 1 through 4 above. Lines which contains a "6" in 
column 70 are of category five. All category five state- 
ments are transmitted unchanged into the object program. 


A "Cc" in column 1’ indicates that the statement is a comment. Like 
category 5 statements, comment statements are passed directly into 

the object program at the point of encounter. The text of the comment 
may be entered in columns 2 through 69 of the initial line and in 
columns 7 through 69 of continuation lines. 


A "B" in column 1 indicates the statement is of type ''Boolean" and 
that certain numerical calculations contained in the statement are 
to be performed with logical rather than arithmetic operations, 


Except for columns 1 and 6 and certain alphanumeric fields, blanks 
are ignored and may be used freely to increase legibility. 


The first line of any program, irrespective of content, is assumed 
to be the title line and contains the text (columns 1 through 39) 
which will head pages of the output listing and the program identi- 
fication number (columns 71 through 75) which will be transmitted 
to all generated object lines. 


The last line of a program must be an END statement. An END 
statement may contain no other characters in columns 7 through 69 
except "END", 


* 


Sample Program 


It is desired to fit the best straight line approximation to a 
population of data by the method of least squares. The following 
program indicates how this would be done using FORTRAN. The general 
formula for the approximation is of the form y = atbx. To solve 

for a and b by the method of least squares we evaluate the formulas: 


(Sy) (3%) - (3x) (x) 
(n) (3 x*) - (Sx)? 


eh) 
I 


n) =xy) - (Sx =y) 
(n) (Sx) me (S%)2 


Line 1 is the TITLE CARD. It is also a FORTRAN comment card. The 
Sample Program is illustrated in Figure 1 on the following page. 
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FIGURE. J 


The dimension statement of line 2 declares X and Y to be one 
dimensional arrays each containing 20 numbers. This declaration 
sets aside two groups of 20 consecutive storage spaces for X and Y 
and allows them to appear as subscripted variables within the 
program. 122 ——— 


Line 3 is an input statement that reads a record of previously 
prepared data from tape under control of FORMAT statement 10 
and places it in the consecutive locations of the X and Y arrays. 


Calculation actually begins with line 4 in which a variable called _. 


SUM is set equal to zero. Similar operations are performed on 
lines 5, 6, and 7. 


Line 8 sets up a series of repetitive calculations in what is known 

as a DO loop. It causes the calculations up to and including state- 
ment 5 on line 12 to be performed 20 times. The subscripting 

'" variable I is set to 1 for the first execution of the following four 
instructions and is increased by 1 for each subsequent execution. 

In this manner it is possible to refer to successive values of X and 
Y for calculation purposes. 


In line 9 a value of X is added to SUM and the result is assigned to 
SUM. A similar operation is done for Y on line 10. 


In line 11 a value of X is squared, added to SUMSQX, and assigned 
to SUMSQX. | 


In line 12 a value of X is multiplied by a value of Y, added to 
SUMXY, and assigned to SUMXY. 


After the previous four calculations have performed 20 times, control 
passes from the DO loop to the statement on line 13:-in which A is 
calculated. Then B is calculated on line 14. 


Line 15 is an output statement which causes the values of A and B 
to be printed on-line according to FORMAT statement number 10 
‘(line 16). This FORMAT statement indicates two answers are to be 

' printed on the same line, each answer occupies 14 spaces (including 
blanks) and there are 6 digits after the decimal point. 


Line 17 is a control card indicating the END of the example. 


whew 


COMPUTATION 


Basic Elements 


¥ The basic elements used as operands in FORTRAN computations are 
constants, variables, and functional references, all of which 
represent numerical quantities. In the FORTRAN language, these 
elements are represented by symbols composed of character strings. 


Quantities 


Two types of numerical quantities are recognized by FORTRAN, 
arithmetic and logical. Within the designation arithmetic, two 

modes are recognized, real and integer. Integer quantities represent 
integers within the range -8,388,608 (-223) through 8,388,607 (223.1) 
inclusive. Real quantities represent real numbers and are represented 
in the computer by floating-point configurations comprised of a 6 bit 
exponent and a 17+sign bit mantissa. The approximate range of float- 
ing quantities is -109 through -1079, 0 and 1079 through 109. 


‘Within the designation logical, only octal digits (0 through 7 inclusive) 
are recognized. A maximum value of 77777777 is allowed. 
Constants 


Constants are numbers of arithmetic or logical type which appear in 
the source program in explicit form. 


Arithmetic integer constants are written as a string of decimal digits. 
Examples: 
0 
1 
1964 
Logical integer constants are written as a string of octal digits. 
Examples: 
0 
252525 
77777777 


In either type, the integer represented must lie within the range 
specified above for integer quantities. 
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Real constants are written as a string of decimal digits which 
includes a decimal point. 


Examples ; 


0 
1; 
2.71828 , 


Real constants may be given a scale factor by appending an “E™ 
followed by an integer constant, which indicates the power of ten 
by which the number is to be multiplied. This scale factor may 
be preceded by a “+" or “-" sign to indicate positive or negative 
powers of ten. If no sign is given,it is assumed to be positive. 


Examples: 


1.E-12 means 10 1? 
-00314159E+3 means 3.14159 
19. 64E+2 means 1964. 


As another alternative, a real constant may be expressed as an . 
integer constant followed by a scale factor. 


Examples: 
55E-3 means .055 45 
132E45 means 132 x 10 
69E4 means 690000 


In any representation the number must lie within the range described 
above for floating quantities. 


Identifiers 


Identifiers are used to name the variables, subprograms, and 

dummy arguments which appear in a FORTRAN program. An iden- 

tifier is a string of letters and digits, the first of which 

must be a letter. The string may be any desired length, but only 

the first six characters will be used. Identifiers may be declared 
% as integer or real, either explicitly or implicity. Implicit 

definition depends upon the first letter of the identifier. If the 

first letter is from the group (1,J,K,L,M,and N) then the iden- 

tifier is of the class integer. If the first letter is not from 

this group then it is of class real. Explicit definition of identifiers 

is accomplished by the declarative statements REAL and INTEGER. 


Examples: 


Real RATE 
DECREMENT 


Integer L307 
MONTH 
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Variables 


Variables represent quantities which may assume many different 
values and are referred to by name, They may be either scalar’ 
or array variables, depending on the nature of the quantity they 
represent. : 


Scalar Variables 


Scalar variables represent a single real or integer quantity and 
are written as simple identifiers, 


Examples ; 


DISTANCE 
Z 
N3 


Array Variables 


An array variable represents a single element within an array of 
quantities. The array variable is denoted by the array name 

followed by a subscript List enclosed in parentheses, The subscript 
list contains one or more arithmetic expressions separated by commas. 
Each expression corresponds to a subscript and the values of the 
expressions determine which array element is to be referenced. The 
number of subscripts in the list must equal the number of dimensions 
specified for the array. 


Examples: 


A (4) 
BETA (M+3) 
JOHN (2*ITEM-13) 


Subscripts 


A subscript may be any expression of the type, arithmetic; however, 
its significance is of integer mode and limited in range by the size 
of the array dimension involved. Therefore, when necessary, the 
value of any expressjon used as a subscript is truncated to an integer 
and reduced modulo 2°” before being employed in reference. 


one 


Single-Bit Arrays 


As the operands of certain GE/PAC 4000 FORTRAN ‘siatements 

(SET BIT, RESET BIT, IF BIT), the individual bits in the binary 
representations of scalar variables (not array variables) may be 
referred to by appending a single subscript (in parentheses) to 
the scalar identifier. The subscript is calculated as any other 
subscript but refers to the bit position in the memory word and 
consequently has meaning only in the range 0 through 23. The 
appearance of a scalar identifier with a subscript is legal only 
in SET BIT, RESET BIT and IF BIT statements. 


Examples; 


FLAGS (J) 
TRIGRS (13) 
INHIB (XMINOF (J, K+2)) 


Function References 


A function is a subprogram which acts upon one or more quantities 
called arguments to produce a single quantity called the function 
value. Functional references are denoted by the identifier which 
names the function, followed by an argument list enclosed in 
parentheses, 


identifier (argument, argument, ..., argument) 


An argument may be an expression or an array identifier. 

The function value may in turn act as an element whose mode is 
determined by the mode of the identifiers naming it, or by use of 
the appropriate form of the FUNCTION statements, and may, therefore, 
be independent of the types and modes of its arguments. 


Examples; 
ATANF (ALPHA) 


DATE (MONTH, DAY, YEAR) 
GAMMA (N, Z*SQRTF(ZETA)) 


Reserved Functions 


Certain commonly and frequently used arithmetic functions are 
provided as part of the system library and will be incorporated in 
the compiled program by the compiler through the use of a "LIB" 
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operation. The names of these functions must, therefore, be 
"reserved" and limited to use as subprogram identifiers for the 
library subprograms to which they refer. 


The following table lists these names together with information 
about the functions themselves. 


| Modes 

| Number | I=integer R=realj 
Subprogram of Function 
Identifier Function Args Value 


ATANF Trigonometric Arctangent 
SINF Trigonometric Sine 
COSF Trigonometric Cosine 
SQRTF Square Root 
LOGF | Log base e = sd 
EXPF exponential (e to a power) 
ABSF absolute value 
XABSF absolute value 
SINHF Hyperbolic sine 
_COSHF | Hyperbolic cosine _ 
TANHF Hyperbolic tangent 
MODF arg, - [arg,/arg, | arg, (See Note) 
XMODF arg, modulo arg 
SIGNF Signum (arg,) *arg 
Signum (arg,) *arg 
| (argy-args) if arg) >arg,; else 0 | | 
(arg)-arg) if arg, >arg, ; else 0 
Maximum value of args. 
Maximum value args. 
Maximum value of args. 
Maximum value of args. _ 
Minimum value args. 
Minimum value args. 
Minimum value args. 
Minimum value of args. 


(Pow DO pw me 


I 
j 
{ 
i 


| 


NNNNN NPE REP Ee eee 
DH DHH DH DH HD 


| 


HH DAHH WD WDHDH WH WW WH DD 


bd aie 


| 
| 


Integer part (truncation) 


\ 


HWW DW 


Float an integer 


NOTE ~ [ ] indicate "greatest integer in" 
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EXPRESSIONS 


An expression is a sequence of elements separated by operational 
symbols and/or parentheses in accordance with conventional 
mathematical notation and certain FORTRAN restrictions. Two 
types of expressions are recognized, arithmetic and logical. 


Formation of Expressions 


An expression has a single numeric value equal to the result of 

the calculation specified by the numeric quantities and arithmetic 
or logical operations comprising it. The arithmetic operational 
symbols are "4+!'!, "=" Malt N/M ang Mek" denoting respectively 
addition, subtraction, miltiplication, division, and exponentiation, 


ed 
ee 


an arithmetic expression except that the operational symbols 
recognized are "+", '"'/", "> and "»", denoting logical sum ("or"), 
logical difference ("exclusive or"), logical product ("and") and 
logical complement ("not") respectively. An expression is declared 
Boolean by the placement of a "B" in column 1 of the first Line of the 
FORTRAN statement in which it occurs. In any statement declared - 
Boolean, all operational symbols in expressions are interpreted in 
the logical sense except in those expressions used as subscripts to 
arrays (subscript expressions are universally of type arithmetic-~ 
integer). In Boolean expressions, all constants are interpreted as 
type logical-integer and appear as octal integers. All other 
representations are illegal. 


An expression may be as simpie as a single element, i.e., a 
constant, variable, or function reference. 


Examples: 


3.142 
OMEGA (T) 
COSF (DELTA) 


Compound expressions may be formed by using operation symbols 
to combine basic elements. 7 


Examples ; 
Z+2 


SUMX/N 
SQRIF (B**2-G*AXC ) 


An expression may be enclosed in parentheses and considered 
as a basic element. : 


Examples: 


(Z-3) /LAMBDA 
(ALEPH) 
COSF (SINF(2*PI*R*T) ) ~ 


~ 


Any expression may be preceded by a "+" or "-" sign. 
Examples; 


+TEN 
~ (A*B) 
~SINF (-+ALPHA) 


With the exception of logical complement, no two operational 
symbols may appear in sequence. The expression: 


X*-Y 
is illegal in arithmetic expressions, but is allowed in Boolean 


expressions. The use of parentheses, yields the correct arithmetic 
form: 


X* (-Y) 


Adherence to the above rules will allow the formation of all 
permissible expressions. 


If the precedence of arithmetic operations is not stated explicitly 
by parentheses, it is implicitly interpreted to be as follows, in 
order of decreasing precedence: 


Symbol Operation 

wk exponentiation 
* and / multiplication and division 
+ and - addition and subtraction 


In Boolean expressions, the implied precedence in decreasing order 
is: 


Symbol : Operation 
~ logical complement 
* logical product 
/ logical difference 
3 logical sum 
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For example, the expression 
DAEVHW /X**Y+Z 

is taken to be 
(U*V)-+(W/ (K*¥*Y) )4+Z 


Since sequences of operations of equal precedence can result in 
ambiguities, they are resolved by grouping from the left. Thus 


A*¥*B*XC and 
X/Y¥/Z 


are interpreted as 


(A**B)**C and : 
' (X/¥)/Z : es 


respectively. 


Evaluation of Expressions 


Except for Boolean expressions, which are modeless, the numerical 
value of any expression may be of integer or real mode, as 

determined by the modes of its elements, There are three possible 
combinations: all elements are integer (integer expression); all 
elements are real (real expression); or both real and integer elements 
occur (mixed expression). All combinations are permissible in 

GE/PAC 4000 FORTRAN , 


integer Expressions 


An integer expression is evaluated using integer arithmetic through- 
‘out to yield an integer result. Fractional parts arising in division 
are truncated, not rounded. For example, 5/3 gives 1, 4/7 gives 0. 


Examples: 
L 


1*2-+m 
(3-3) *MAN-+INDEX 


sefoe 


Real Expressions 


A real expression is evaluated using floating- posne SEECHmeLEC. 
throughout to yield a real result. 


Examples; 
(XY (N+L)+Y(N-1))/2.*DX) 
COSF (ALPHA+BETA ) 


Mixed Expressions 


Mixed expressions are evaluated by converting all integer variables 


to real variables and then treating the expression as if it were real. 


The result is given as a real quantity. 
Examples: 


Ze2* (I+L) 
ARKIJP JERE 
R(K+2) *ATANF (X1) 


Boolean Expressions 


Boolean expressions are evaluated using full memory word logical 
operations upon the elements without regard to mode, ALL 

constants encountered are interpreted in octal. Array elements 

may occur, the subscripts of which will be interpreted as arithmetic- 
integer expressions. All other elements (e.g., function values, 
expression values) are treated as modeless full-word binary con- 
figurations. 


Examples: 
WORD*MAS KI+FIELD 


I*77/COMUTR 
A(2*E-5)* (-B(2*L)/-C(I)) 


COMPUTATION STATEMENTS 


Assignment Statement 


The assignment statement specifies an expression which is to be 
evaluated, and a variable called the statement variable to which 
the expression value is to be assigned. —- 


Form: variable = expression 


Note that the "=" sign means replacement, not equality. The first 
example below is not a mathematical equation but a valid assignment 
statement meaning "take the value of Z, cube it and assign the result 
to XxX." 


Examples; 


X = Z%%3 
J = K*(L-5) 
A(X) = LOGF (14+2*X) 


The value of the expression in an assignment statement is made to _ 
agree with the mode of the statement variable before the replacement 
is performed. If the statement variable is real, an integer 
expression value will be converted prior to replacement, and 
conversely. For example, in the statement 


A = 3*g+K os ‘ 


the integer value of the expression is converted to floating-point 
before assignment to A. 


Bit Assignment Statements 


The bit assignment statements, SET BIT and RESET BIT, provide 
for the assignment of values (1 or 0) to the individual bits of 
scalar variables. 


Form: SET BIT scalar variable (subscript),...,scalar 
variable (subscript) 


. RESET BIT scalar variable (subscript),..., scalar 
variable (subscript) : 


The individual bits referred to in the list following the SET BIT or 
‘RESET BIT preamble are "set" (set = 1) or "reset" (set = 0) as 
indicated. 


Examples: 
SET BIT JOE (2*L-1), SAM(23) ,PLAG(PERIF(J)) 
RESET BIT X(3) ,FLAG(PERIFE (J+-1)) ,LOC(O) 


wile 


CONTROL STATEMENTS 


In a FORTRAN program, control normally passes sequentially from 
one statement to the next in the order in which they are presented 
to the compiler, Control statements allow the programmer to alter 
this normal program flow. To implement this, FORTRAN source 
statements may be labeled with numbers which are referred to by 
control statements, 


Statement Numbers 


A statement number consists of an unsigned integer constant of up 
to five digits. Leading zeros are ignored. The value of the integer 
must be greater than zero, 


oe 


Although statement numbers appear in the source program as 
integers they must not be confused with numerical quantities. 
They represent a distinct type of quantity in a FORTRAN program 
known as a statement number, and are used for..the identification 
of addresses within the object program. 


~ 


Since statement numbers are used for identification they must be 
uniquely defined; i.e., no two statements may have the same number. 
No order or sequence is implied by statement number maynitudes, 
Non-referenced statements need not be numbered, in fact it is waste- 
ful of compiler storage to do so unnecessarily. 
‘Unconditional GO TO Statement 

Form: GO TO n 
when n is a statement number. 
This statement transfers control to the statement numbered n.. 

Example ; 

GO TO 13 

Computed GO TO Statement 


The computed GO TO statement transfers control to one of a group 
of statements; the particular statement chosen is determined by the 
computed value of an expression. 
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Form: GO TO (n) Ny sNgseresth)s expression 


where n peBorNgs+o+sn, are statement numbers, GontEol will be 
transferred té to ea temene number n Ny May soe yMy, depending on 
whether the expression has the vatue* 1 3 ee or k, respectively. 


Example: 


GO TO (37,24,36), SIZE 
will transfer control to statement number 24 if SIZE has the value _ 
2. The value of the expression will be truncated if required, 
Expression values outside the range 1,2,3,...,k will cause a run- 
time error indication. 


Example: 
GO TO (1,2,3,27), Y+2 


will transfer control to statement number 27 if Y has the value 
2.6183, but a value of 3.142 for Y will cause an error indication. 


Assigned GO TO Statement 


Form: GO TO variable or 
GO TO variable, (My Mg, ++ +My) 


This statement transfers control to the statement whose number was 
last assigned to the variable by an ASSIGN statement, The variable 
must appear in a previously executed ASSIGN statement, or a runtime 
error indication will result. 


Examples; 


GO TO JATL 
GO TO ERROR 


The variable of an assigned GO TO statement is a control variable 
and has a statement number rather than a numeric quantity as its 
value. A control variable may be shared between a program and its 
subprograms as may any other variable, 


The 5 as »n 32°*72My) is a parenthetical statement number list of 


footnote Va lie only and may be included or omitted at the option of 
the user, 
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ASSIGN Statement 
Form: ASSIGN integer TO variable 


This statement sets the value of the variable to be used by a 
subsequent assigned GO TO statement. The integer is the number 

of the statement to which control will be transferred by the assigned 
GO TO statement, 


Examples: 


ASSIGN 37 TO JAIL 
ASSIGN 3 TO ERROR 


This FORTRAN capability is very useful in transferring to a sequence 
of statements that is used as a subroutine by other parts of the 
program. For example, the statement 


ASSIGN 13 TO EXIT 
GO TO 44 
13 


will transfer control to the sequence beginning at 44. If the 
sequence ends with 


GO TO EXIT 
control will be transferred back to statement 13, 
IF Statement 


Form: IF (expression) Ny »No My 
where n,,n,,n, are statement numbers. This statement transfers 
control to statement n,,n,, or n., depending on whether the value of 
the expression is less than, equal to, or greater than zero 
respectively. 3 


Examples: 


LF(Y(L)-LIMIT) 6, 12, 18 
IF(SUM) 3, 4, 5 


In the first example above control is transferred to statement number 


6 if Y(L) <LIMIT, to statement 12 if Y(I)=LIMIT, and to statement 18 
if Y(L) >LIMIT. 
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IF BIT Statement 
Form: IF BIT (scalar variable(subscript))n, ,n, 
where n. and n, are statement numbers, This statement transfers 
control“to the’ statement numbered n, if the bit of the variable 
referred to is a "1" and to statement ny if it isa "0", 
Examples: 
IF BIT (FLAG(NOFAIL)) 14, 13 
IF BIT (X(23)) 6, 7 
IF BIT (J(0)) 9, 10 


The second and third examples accomplish negative-positive and 
odd-even tests respectively. 


IF SENSE SWITCH Statement 


Form: IF(SENSE SWITCH expression) Ny My 
where ny and Ny are statement numbers. 


This statement provides a test for the individual status of each of 
the 24 switches on the GE/PAC 4000 console, These switches are 
numbered from 23 through 0, going from left to right. The expression 
may be of either mode but will be converted to arithmetic-integer 

in use and has meaning only in the range 0 through 23, If the console 
switch specified by the value of the expression is in the down (#1) 
position at the time of execution, control is transferred to state- 
ment, n; if it is in the up (#0) position, control transfers to state- 
ment No. 


Examples; 


LF (SENSE SWITCH 7) 102, 103 
IF (SENSE SWITCH IOREDY) 6, 7 


‘LF ACCUMULATOR OVERFLOW Statement 


Form: IF ACCUMULATOR OVERFLOW Nis Ny 


where n and n, are statement numbers. 


This statement provides a test of the GE/PAC 4000 overflow trigger. 
Control passes to statement n if the overflow trigger is "on" and 
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to n, if the overflow trigger is "off" at the time of execution. In 
either case, execution of the test resets the overflow trigger to 
the "off" state. 


Example: 
IF ACCUMULATOR OVERFLOW 23, 31 


IF I/O Statements 


A series of IF statements has been provided for testing the status 
of individual I/O devices. These statements are described fully 
in the INPUT-OUTPUT section of this manual. 


DO Statement 


The DO statement allows a series of statements to be executed 
repeatedly under the control of a variable whose value changes 
between repetitions. 


Forms: DO n integer scalar variable = expression, , expression, 
DO n integer scalar variable = expression), expressions, 
eepecee 00, 


where n is a statement number and expression, S expression, at object 
time. If, as in the first form, expression 3 is not stated, it is assumed 
to have the value, l. 


The DO statement causes the following statements up to and including 
statement n to be executed repeatedly. This group of statements is 
called the range of the DO statement. The scalar variable of the DO 
statement is called the index or induction variable and must be of 
integer mode. The values of expression, , expression), and expression 
are called respectively the initial, limit and increment values of the 
index. Each may be of either mode but will be converted to arithmetic- 
integer mode before use. 


The initial execution of all statements within the range is always 
performed with the initial value assigned to the index, regardless 

of the value of the limit and increment. After each execution of the 
range the increment is added to the value of the index and the result 
compared with the limit. If the result has not passed the limit, 

the statements within the range are again executed using the new value 
of the index. 
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After the last execution program control passes to the statement 
immediately following statement n. Exit from the range may also 
be accomplished by a transfer from within the range’ of the DO 
statement. The value of the index is retained for computation 
purposes on both normal and abnormal exits from the DO loop. 


The range of a DO statement may include other DO statements 
provided that the range of an "inside" DO loop is completely 
contained within the range of any “outside DO loop. In other 
words, the range of two DO statements may not partially intersect 
each other. Only total intersection or no intersection-is-—allowed, 


The index of a DO statement is treated as any other scalar variable. 
Its value may be used for calculation outside the range of the DO 
Statement as well as within the ranges. In addition, the values of 
the limit, increment, and index may be altered within the range of 
the DO statement. ° 


~ 


It is also permissible to transfer into the range of a DO statement 
from outside the range, 


Examples: 


DO 37 I= 3, 12 
DO 15 INDEX = FIRST, LAST, INCREMENT 


As an example of the use of the DO statement consider the following 
sequence which will sum all the numbers within a suitably specified 
array. 


SUM = 0. 
DO 3 I=1,N 
3 SUM = SUM+X(I1) 


CONTINUE Statement 
Form: CONTINUE 


The rules of FORTRAN state that the range of a DO statement 

cannot end with a control transfer statement. In order to gain this 
capability without violation of the rule, a dummy statement, 
CONTINUE, is provided that may be used to end the range of a DO, 

or as the target point for transfer statements within the range of a 
DO where repetition of all or part of the range is conditional. 
Consider the following statement sequence: 
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DO 3 I=START, STOP 


4 s : % 
é s - os 


IF (ALPHA) 3, 17, 51 : 2 
3 CONTINUE - 


A negative value of ALPHA will initiate another execution of the 
range. The CONTINUE statement provides a target address for 

the IF statement and ends the range of the DO statement. The 
following sequence is illegal and must not be used since the DO 
._loop ends with a conditional transfer. 


2 DO 3 E=START, STOP 


3 ' YF (ALPHA) 2, 17, 51 
- CALL Statement 


Forms: CALL identifier 
CALL identifier (argument, argument, ..., argument) 


_This statement is used to call (transfer control to) a subroutize 
subprogram. The identifer is the name of the subroutine. 


The arguments, as in the case of functions, may be expressions 
or array identifiers. Unlike a function, however, a subroutine may 
have more than one result and may use one or more of its arguments 


to return these results to the calling program. The first form of the 
CALL statement is used where a subroutine requires no arguments. 


Examples: 
CALL DUMP 
CALL MATMPY (X(1,J),¥(J,K)) 
CALL SEARCH (MIABLE, RALPH) 


The mode of the subroutine name has bearing on the mode(s) of its 
results. ; 


RETURN Statement 
Form: RETURN 


This statement returns control from an external subprogram to the 
calling program. Therefore, the last statement executed in a 


a2is 


subprogram will be a RETURN statement, though it need not be 
physically the last statement within the program. “Any number 

of RETURN statements may be used and they may occur at any point | 
within the subprogram at which execution is to be terminated. A 
RETURN statement is necessary to return control whether a subpro- 
gram is explicitly referred to in a CALL statement, or implicitly 
referred to by a functional reference. 


STOP statement 


Form: STOP 


Since, in a process control application, it is not permissible to 
stop the computer by program, this statement..is interpreted as 

an instruction to MONITOR to stop operating this program. It 
therefore generates the calling sequence which would be associated ~- 
with the statement: 


* TURN PROGRAM OFF ,0,1,0,0,0 

This means that the next time the program is turned on, it will 
be entered at the beginning with all flip-flops reset except the 
PAIF, which is set, 
STOP must appear by itself on a card. 
END Statement 
Form: END 
The END statement is used to communicate to the compiler the 

- logical end of a program or sub-program. It causes the compiler 
to finish the compilation by reserving memory locations for all 


variables named, etc. 


END must appear by itself on a card. 
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Input-Output Statements 


‘Input-output statements call for the transmission of information 
records between computer memory and various input or output units 
which are attached to the computer. In general,an input-output 
statement provides: ssh ited eee 


1. Specification of the operation required; whether input or output 
and the particular unit involved. 


2. Reference to a data format specifying the conversions required 
between internal and external data forms. This reference is to 
the number of a FORMAT statement. P 


a 


3. A list of the variables whose values are to be transmitted. The 
list order of the variables corresponds exactly to the order in 
which the information exits in the input medium or will exist in 
the output medium. For example, the statement 


PRINT 20, ALEPH, BETH, GIMEL 


specifies that the values of ALEPH, BETH and GIMEL are to be 
printed on line according to the format specified in the FORMAT 
statement numbered 20. 


Input-Output Records 


All information appearing in external media is grouped into records. 
The amount of information contained in one record and the manner in 
which records are separated depends upon the medium. For punched 
cards, each card constitutes one record; for punched paper tape, a 
record consists of 80 or less frames, followed by a carriage return; 
in printing, a record is one line of 120 or less characters, etc. 

The actual amount of information contained in each record is specified 
by the FORMAT statement. 


Each execution of an input or output statement initiates the trans- 
mission of a new data record. Therefore, the statement 


READ 12, UN, DEUX, TROIS 
is not necessarily equivalent to the statements, 
READ 12, UN 


READ 12, DEUX 
READ 12, TROIS 
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since in the latter example at least three records are required, roan 
whereas in the former example one, two, three or even more ‘ed 
records may be required depending on the FORMAT statement 

numbered 12. 


If an input-output statement requests less than a full record of 
information, the unrequested portion of the record is lost and. 
cannot be recovered by another input-output statement. 


If an input-output statement requests more than one record of 
information, successive records are transmitted until the data 
request is satisfied, 


Input-Output Lists 


The list of variables in an input~output statement specifies the order 
of transmission of the variable values. During input, new values of 
listed variables may be used as subscripts or in control expressions 
for variables appearing later in the list, For example, 


READ 4, J, ACJ), B(J+1) 
reads in a new value of J and uses it in the subscripts for A and B, 


The transmission of array variables may be controlled by indexing 
similar to that used in a DO statement. A series of subscripted 
array variables and/or scalar variables followed by an index control 
may be enclosed in parentheses and will act as a single element of , 
the input-output list. For example, 


Netioned 


READ 7, (X(I),I = 1,4) 
is equivalent to 

READ 7, X (1), X(2), X(3), X(4); 
and 

PRINT 8, (X(I), Y(I), Q, I = 1,2) 
is equivalent to 


| PRINT 8, X(L), ¥(L), Q, X(2), ¥(2), Q. 


As in the DO statement, the initial, limit, and increment values of 
the index may be given as expressions; e.g., a 


PRINT 2, K, (ARRAY(M), M = 1,J,K). 


a: inf SS 
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The indexing may also be compounded as in the following example, 
PUNCH 3, ((TIME(K,L), K = 1,4), L = 1,8). 
This statement outputs elements of the array TIME in the order - —-. 


TIME (1, 1), TIME (2, 1)...TIME (4, 1), TIME (1, 2)... 
TIME (4, 3), etc. 


If an entire array is to be transmitted, the indexing values may be 
omitted and only the array identifier written. The array is trans- 
mitted as in the previous example, in order of increasing subscripts 
with the first subscript varying most rapidly. Therefore, the 
previous example could be replaced by 


PUNCH 3, TIME 
READ Statement 


Forms: READ n, list 
READ (expression) n, list 


where n is a FORMAT statement number. 


This statement causes information to be read from the input device 

identified by the value of the expression, converted to internal binary 
representation according to FORMAT statement n, and stored as 

values of the variables specified by the input-output list. If no 

expression is entered (first form), the device ppecktte? will be the 

one corresponding to the value 0. : -— ee 


PRINT Statement 


Forms: PRINT n, list ~ 
PRINT (expression) n, list : . 


where n is a FORMAT statement number, 

This statement causes information contained in memory as values of 

the variable specified by the input-output list to be converted to BCD 
representations according to FORMAT statement n and printed on the 
output device specified by ene value of the expression. 


As with READ, absence of the expression and its enclosing parentheses 
will produce a reference to device number 0. 
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PUNCH Statement 


Forms: PUNCH n, list : Mes 
PUNCH (expression) n, List 


where n is a FORMAT statement number. 


This statement accomplishes exactly the same function as the PRINT 
statement and in an identical manner, except that the information to 
be output will be punched Eeenee than printed. 


input -Output Tests 


Prior to actual execution of 1/0 operations, it may be desirable to 
test the status of the "about to be employed" 1/0 device. For this 
purpose a series of IF statements of the form: a 
IF 1/0 type 1, >My sNg 

LF 1/0 type (éxpresSion) Ny sNo»N, . 
where n 120 7 n. are statement numbers, has been provided to 

accomplish edesiced testing. 


The six specific forms recognized are: 


IF READ Ny My Ng os 

IF READ (expression) Nj Ny», ‘won 
IF PRINT fi. 57,57 . ale 
IF PRINT (expression) 1, sy sR, 
IF PUNCH ND, Mon i ‘ 

IF PUNCH (expression) 1, sM5.03 ce 


As with the corresponding I/O statement, the device number is 
indicated by the value of the expression with absence of the expression- 


Signifying device number 0. i 


n, is the statement number of the first statement in a-routine to which 
control is to pass when the tested device is “busy", or whose “table"™ 
is full. 


n, is the statement number of the beginning of a “faulty" or "bad" or 
“error condition" routine for the tested device. 


n, is the statement number of the starting statement in an “out-of- 
sérvice"™ routine. 


Tf no such impediments are found to exist at the time of execution by 


the testing routines in the execution system, control passes to the 
next sequential statement following the IF 1/0 statement. 
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ORMAT Statement 


All input or output of BCD information requires the use of a FORMAT 
statement specifying the external format of the data and the types of 
conversions to be performed. Any FORMAT statement may be used 
with any input-output medium, and since they are not executed they 
may appear anyplace in the program. 

Form: FORMAT (S182 +--9S,) 
where S§ is a data field specification. 
Numerical Fields 
Four different types of numerical data conversion are available: 


L; Type E 


Internal Form - Binary floating-point 
External Form - Decimal floatiny~voint 


2. Type F 


Internal Form - Binary floating-point 
External Form - Decimal fixed-point 


3. Type I 


Internal Form - Binary integer 
External Form - Decimal integer 


4, Type 0 


Internal Form - Binary integer 
External Form - Octal integer 


The four types of conversions are specified by the following general 
forms : 


ky Ew.d 
2. Fw.d 
oe Iw 
4, Ow 


The letter E, F, I, or O designates the conversion type; w is an 
integer specifying the data field width with a maximum of 63. And 
d is an integer specifying the number of decimal places to the right 
of the decimal point. The value of d must be £15. For E type output 
conversion, w should exceed d by at least seven. 
For example, the statement: 

FORMAT (13, F10.4, E15.5, 08) 
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could be used to print the line 

37 -14.2639 0.46972E 3 37777 
on the output listing. 
Note that plus signs are not printed. 


Note also that in type F conversion there is a decimal point but no 
exponent, whereas type E conversion has an exponent. On output, the 
exponent always has the form shown, i.e., an "E" followed by a signed 
two digit integer. On input, however, the "E" or the sign or the entire 
exponent may be omitted. The following are all valid E15.6 data fields 
for input: 


~327409+2 

-964718E4 

.003276-4 
305976. 


The field width w includes all of the characters (decimal point, signs, 
blanks, etc.) which comprise the number. If a number is too long for 
its specified data field, the excess characters are lost. Since numbers 
are right justified within their fields the digits lost are those with 
the most significance. The spacing of output data for legibility must 
be considered when specifying a data field width. 


During input, the appearance of a decimal point "." in an "E" or "F" 

‘data field specification overrides the "d" specification of the field. 

In the absence of an explicit decimal point, the point is positioned d 
places from the right of the field not counting the exponent, if one is 
present. For example, a number appearing externally as 314159E-1 with 

a data field specification of E12.5 will be interpreted as 3.14159E-1. 

In addition, a scale factor, indicated by a signed or unsigned decimal 
integer followed by the letter, "P", may be imployed with E and F fields. 
If used with an "F" field, it will achieve multiplication of floating 
quantities by powers. of 10 before conversion on output or after conversion 
on input. If used with a "E" field, it will be ignored on input and will 
cause P whole-number digits to precede the decimal point and the exponent 
to be decreased by P. The P-factor must not be negative for use with E- 
fields. The maximum absolute value must be <9. A P-factor holds for all 
succeeding E and F fields in the FORMAT statement. To end its influence, 
a P-factor of zero must be stated. 


Examples: 
6PEY .3 
2P4F7 2 


Suppose that the above examples are employed as follows: 


PRINT 7, X, (PRCNT(I), I = 1,4) 
7 FORMAT (PE10.3, 2P4F7.2) 
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Assume further that the values of the variables concerned are: 


Xx 6,494,650 
‘PRCNT (1) 012345 
PRCNT: (2) 596938 
PRCNT (3) 856062 
PRCNT (4) 1.56032 


The resulting printed line would appear ag; 


0.649E 7 223 59.69 85.61 156.03 


Alphanumeric Fields 


Alphanumeric data can be transmitted in much the same manner as 
numeric data through use of the form Aw where 4 is a control charac-~ 
ter and w is the number of characters in the field and has a maximum 
of 63. The alphanumeric characters are transmitted as the value of a 
variable in an input~output list. The variable may be of either mode. 
For ‘example, 


READ 17, V 
17 FORMAT (A3) 


will cause three characters to be read and placed in memory as the 
value of the variable V. 


If the format specification had indicated a field width greater than 
4, the additional characters will be grouped in fours and placed in 
V+til, V +2, --- etc., until the entire field width is satisfied. 
If the last such group contains less than 4 characters, they will be 
left-justified. 


Alphanumeric Format Fields 


An alphanumeric format field may be specified by preceding the alpha- 
numeric string with the specification nH, where n is the number of 
characters in the string including blanks and has a maximum value 
of 120. For instance, the following sequence: a 


PRINT. 3 
3 FORMAT (9H NOT DONE) 


will print the words NOT DONE on line. The n characters of the data 
field are met transmitted as the value of a variable, but are stored in 
the memory space allotted for the FORMAT statement ‘itself. The n 
characters may be replaced by n other characters by means of an 

input statement which references. the FORMAT statement. The value of n 
must be= 120. 

An input-output list is not required for the transmission of this type 
of field. During input, n characters are extracted from the input 
record and used to replace the n characters within the specification. 
During output the n characters specified or the n characters which 
have replaced them become part of the output record.. For-example,;— 
the sequence — 
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READ 3 
3 FORMAT (9H NOT DONE) 
PRINT 3 


will print the words ALL DONE on line provided ALL DONE appears in 


positions 1-9 of the input record being processed by the-READ 37 a et 


statement. : 


Alphanumeric Notes 
Alphanumeric information can also be placed in an output line by : 
use of a special feature, called a "note". For instance, the words 
“NOT DONE" as shown in the previous example could be inserted by: 


¥e PRINT 3 
3 FORMAT ($ NOT DONES) 


a 


The number of characters between the two ''$'' symbols would be counted 
and the same information would be generated as in the previous example. 
Note that the "S$" symbol cannot be a member of a note, since it signals 
termination of the note. ° 


Blank or Skip Fields 


Blanks may be introduced into an output record, or characters 
skipped on an input record by use of the specification nX. The 
control character is X and n is the number of blanks or characters 
skipped with a maximum value of 31. For example, the statement: 


* FORMAT (5H JOB I3, 10X, 4HDONE) 
may be used to output the line- 


JOB 397 DONE 


with 10 blanks separating the two quantities. 
Mixed Fields 
An alphanumeric format field may be placed among the other fields of 


the FORMAT statement to enhance the readability of output Listings. 
For example: 


FORMAT (8H FORCE = F9.4, 5H LBS.) 
may be used to print- 
FORCE = 297.6374 LBS 


Note that the separating comma may be omitted after an alphanumeric 
format field. 


Repetition of Field Specifications 
Repetition of a field specification may be specified by preceding the 

* control character E, F, I, A, or O by an unsigned integer less than or 
equal to seven giving the number of repetitions desired. The specified 
number of repetitions must not be zero. For example: 
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FORMAT (312, 2F12.6, 204) 
is equivalent to 


FORMAT (12, 12, 12, F12.6, F12.6, 04, 04) 


Repetition of Groups 


A group of field specifications may be repeated by enclosing the 
group within parentheses and preceding the whole group with the 
number of desired repetitions. For example, 


FORMAT (312, 2(F12.4, 3E8.2)) 

is equivalent to 
| FORMAT (312, F12.4, 3E8.2, F12.4, 3E8.2). 
Alphanumeric fields may also be repeated in this mannee: . 


PRINT 7 _ PRINT 8 
7 FORMAT (3(5H BANG)) °° 8 FORMAT (3($ BANGS) ) 


will cause the following on line output, 
BANG BANG BANG 
Five levels of repeated groups are allowed. 


Multiple Record Formats 
In the case where a group of successive input-output records have 
different field specifications, a slash, "/", is used to separate those 
field specifications. For example, the statement 
FORMAT (408/13, 3F12.8/12A3) 
is dqurwarens to | 
FORMAT (408) 
ie the first record, — 
FORMAT: (13, 3F12.8) 
for the second record, and 


FORMAT (1243) 


for the third record, 
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The comma separating data field specifications may be omitted 
when a glash is used, Blank records may be written on output or 
records skipped on input by using consecutive slashes. On printed omy 
output a slast always causes’ a skip to a new line after completing eo 
the record. Both the slash and the closing parenthesis at the end 
of format indicate the termination of a record, I£ an input-output 
statement list indicates that data transmission is to continue after 
the closing parenthesis of a format statement is reached, the format 
is repeated from the last left parenthesis, 


é 
* 2 
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The statement 

FORMAT (2E12.6, 2(3F7.4, 208, 17)) 
is equivalent to 

FORMAT (2E12.6, 3F7.4, 208, 17, 3F7.4, 208, 17) 
for the first record, gnd 


FORMAT (3F7.4, 208, 17) 


- 


for all succeeding records. 


The total of all field widths specified for a record is the length of 

that record, If the record length specified is greater -than-the—— joe 
maximum allowable on a particular input-output device, the excess . 
characters are lost. 


Drum Transfer Statements . 


Two statements, READ DRUM (drum to core) and WRITE DRUM _ 

(core to drum), provide a method for transferring blocks of 
information (programs and data) between core memory, where 
execution takes place, and drum memory, where large amounts of 
bulk storage are available. Each statement calls for the transfer 
_ o£ a single continguous block and, therefore, no input-output 

list is employed. 


Forms: READ DRUM (symbolic, ), (symbolic,), (symbolic, ) 
WRITE DRUM (symbolic, ), (symbolic, ), (symbolic, ) 


where 


Symbolic, is the initial drum address in PAL symbolics. 
Symbolic, is the number of words to be transferred in 
PAL symbolics, 

Symbolic, is the initial core address in PAL symbolics. 
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COMMUNICATION WITH REAL-TIME MONITOR 


In order that programs may undergo dynamic scheduling and relocation 
as components of a real-time complex, certain statements which com- 
municate initiation, termination, delay and segmentation of the 
components to the overall control or MONITOR routine become neces~ 
sary. Description of a series of such statements provided within 
GE/PAC FORTRAN follows. 


TURN PROGRAM ON Statement 
* Form: TURN PROGGRAM n GN, expression 


where n is an integer constant indicating the "program number" 
by which the program to be "turned on"' is known to the MONITOR. . 
The value of the expression specifies the time of next execution 
of the "turn on" program with a O value indicating immediate 
execution. 


Example: 
* TURN PROGRAM 21 ON, NOW + 1000 
TURN PROGRAM OFF Statement 


Form: TURN PROGRAM OFF, my > » M3; Return, my, 


m 
2 
This statement turns the current: program off, i.e., places it in 
the inactive state ; 


Example: 
* TURN PROGRAM OFF, 0, 1, 0, NXENTY, 0 
* mM, M,, M3, m, and Return are PAL symbolic fields interpreted as 
£ollows: 
m,: 1 = set QVRF 
m, : 1 = set PAIF 
mM: 1 = set TSTF 
my, : 1 = set TMFF to TRAP 
Return: Symbolic location for ECP entry 


at time of next “turn on" 
(IMFF-Memory Fence Flip-Flop) 


DELAY PROGRAM Statement 
Form: | DELAY PROGRAM, My» My 
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This statement places the current program in an inactive state for 
a specified length of time. 


m, and m) are PAL symbolic fields indicating the following: 


m, : 1 = program's area of occupancy 
is now available. 
0 = area remains unavailable 
m, : indicates length of delay 


SEGMENT Statement 


* Form: SEGMENT n, M)> My, m NXENTY, m, 


3% 
where n is the program number of the following "segment" to be 
assigned and recognized by MONITOR (as in TURN PROGRAM ON). 


Aside from its declarative properties (see section of this manual 
titled DECLARATION), SEGMENT n is equivalent to the following 
statement sequence. 


TURN PROGRAM n ON, .O 
TURN PROGRAM OFF, m_, m_, m,, NXENTY, m 


END 1 Z 3 4 
ma» m1,» m, > ms and NXENTY are as defined in TURN PROGRAM OFF. 
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DECLARATIONS 


A declaration describes certain properties of a FORTRAN program, 
as opposed to the imperative assignment, control or input-output 
statements. Several FORTRAN statements are reserved for the 
purpose of supplying the system with declarative information. 
These statements are primarily concerned with the interpretation 
of identifiers occurring in the source program and with memory 
allocation in the object program, 


Classification of Identifiers 


Each identifier in a source program is classified in accordance with 
the FORTRAN element it identifies, Five main classifications are 
recognized. 


. Scalar identifiers 

Array identifiers 

Subprogram identifiers 

. Dummy identifiers 

Single bit arrays identifiers 

The classification is made according to the context in which the 
identifier makes its first physical appearance in the source program, 
This first appearance amounts to a declaration, explicit or implicit, 
of the proper interpretation of the identifier throughout the program, 


Mode Declarations 


In addition to being classified, each identifier appearing in a FORTRAN 
program is of mode integer or real. The statements INTEGER and 

REAL are used to specify identifer modes explicitly. An identifier | 
may appear in only one of these statements and this appearance must 
precede the use of the identifier in any non-declarative statement. 


Identifiers whose mode is not explicitly declared are assigned modes 
implicitly according to the following convention. 


i. Identifiers beginning with I, z, K, L, M or N are assigned 


integer mode. 


2. Identifiers not included in the above classification are assigned 
real mode, 
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INTEGER Statement 


oN 
Form: INTEGER identifier, identifier,..., identifier cael 
This statement declares the listed identifiers to be integer. 
Example; 
INTEGER PHI, KAPPA, SIGMA 
Notice that KAPPA need not appear in this statement since it would 
be declared integer mode implicitly. 
REAL Statement 
Form: REAL identifier, identifier,..., identifier 
This statement declares the listed identifiers to be real mode. 
Example; 
REAL FORCE, MASS, LOG 
Notice that FORCE need not appear in this statement since it would 
be declared real mode implicitly. - 
s 


DIMENSION Statement 


The DIMENSION statement declares an identifier to be an array 
identifier, and also specifies the number and limits of the array 
subscripts. Any number of arrays may be declared in a single 
DIMENSION statement. 


Information provided by a DIMENSION statement is required for the 
allocation of storage for arrays. Each array variable appearing in 
a program must be previously declared as an element of an array in 
a DIMENSION statement. Each array variable must have the same 
number of subscripts as were declared for the array, and the value 
of each subscript must lie within the bhaice specified by the 
DIMENSION statement. 

S_. , 
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when S is an array specification. 


Form: DIMENSION Sa Ss 
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Each array specification gives the array name and the minimum 

and maximum values that each of its subscripts may assume. The 
minimum and maximum values for each subscript must be given as 
signed or unsigned integer constants with the maximum value 
greater than the minimum value. An array identifier may have any 
number of subscripts. 


Two forms for specification of the maximum and minimum subscript 
values are recognized: 


identifier (min, /max uct) 
identifier (max, ,max,,...). 


In the latter form, a minimum value of one is implied, i.e., the 
latter specification is equivalent to 


identifier (1/max, , Tis eee 


The two forms are syntactically independent and may, therefore, 
both occur as different subscript limit specifications in the array 
specification. : 


Example: 


DIMENSION X(10), Y(-1/5,20), Z(-3/-1,2,0/3,5,2) 


Subprogram Definition Statements 


The two types of subprograms which may be called, or referred to 
by a FORTRAN program are classified as external or internal sub- 
programs. 


Internal subprograms are defined within the program that calls them, 
and are defined within a single statment known as an arithmetic 
function definition statement, Internal subprograms may be used 
only within the program containing their definition. External sub- 
programs are defined separately from, i,e., externally to the 
program calling them. They are complete autonomous FORTRAN 
programs within themselves, and as such are compiled independently. 
There are two types of external FORTRAN subprograms which may 

be declared: FUNCTION subprograms and SUBROUTINE subprograms, 

both of which are described below, Any subprogram, whether internal 
or external may call other subprograms; however, recursion is not 
allowed. All subprograms constitute closed subroutines; i.e., they 
appear only once in the object.program regardless of the number of 
times they are called. 
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Dummy Identifiers os 


A subprogram definition statement declares those identifiers 
appearing as arguments of the subprogram to be dummies, They 

are used as ordinary identifiers within the subprogram definition 
and indicate the mode and use of the arguments. Dummy 
identifiers are replaced by actual arguments when the subprogram 
is executed, 


Arithemetic Function Definition Statement 
Form: identifier (identifier, identifier,..., identifier) = expression 


This statement completely defines an internal subprogram. The 
first identifier is the name of the subprogram being defined. 


Arithmetic function subprograms are functions; i.e , they are 
single valued and must have at least one argument. The mode of the 
function is determined by the mode of the function identifier. 


The identifiers enclosed in parentheses represent the arguments of 
the function, These so-called dummy identifiers have meaning and 
must be unique only within the defining statement. They may in fact 
be identical to identifiers appearing elsewhere in the program. They 
must agree in order, number, and mode with the actual arguments 

given at execution time. om, 
The use of an argument within the definition statement is specified by 

the use of its dummy identifier. Expressions are the only permissible © 

arguments for internally defined functions, therefore, dummy 

identifiers may appear only as scalar variables in the defining 

expression. The use of an array identifier or a subprogram identifier 

is not allowed. 


Identitiers appearing in the definition statements which do not 
represent arguments are treated as ordinary variables. In addition, 
external functions or other previously defined internal functions may 
appear in the definition statement. 


Examples; 
F(X,Y¥) = (X+¥)*(X-Y¥) 
SINH(ZETA) = (EXP(ZETA/B)~-EXP(-ZETA/B))/2 
Q(X, ¥,Z) = F(X.Y)/SINH(Z) 


In the second example above, ZETA is a dummy identifier and B is 
an ordinary identifier. At execution time the function will be 
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evaluated using the current value of B. The third example is allow- 
able if the first and second definitions precede it in the program. 


If the accompanying source program contained the statement 
.Y = A*SINH(ALPHA), 


the arithmetic function defining SINH would be evaluated using the 
current value of ALPHA as its argument. The result would be ef 
multiplied by A-and the product assigned as the value of the variable 
oe 


All internal subprogram definitions of any FORTRAN II program must 
precede the first non-declarative statement of the program. 


FUNCTION Subprograms 


Like the Arithmetic Function Definition Statement, the FUNCTION 
subprogram is also a function, is single valued, and is referenced 
as a basic element in an expression. FUNCTION subprograms may 

be used when more than one FORTRAN statement is needed to define 
the functional relationship. In order to logically separate a 
FUNCTION subprogram from the calling programs, the subprogram 
always begins with a FUNCTION declaration and returns control to 
the main program via the RETURN statement. 


FUNCTION Statement 


‘Forms; 

FUNCTION identifier (identifier, identifier, .oe, identifier) 

REAL FUNCTION identifier (identifier, identifier,..., identifier) 
INTEGER FUNCTION identifier (identifier, identifier,..., identifier) 


This statement declares the following program to be a function sub- 
program. The first identifier is the name of the subprogram being 
defined. This identifier must appear as a scalar ‘variable and is 
assigned the value of the function resulting from execution of the 
subprogram, The function mode is declared implicitly by the initial 
letter of the function name, or may be declared explicitly by using 
the second or third forms of the FUNCTION statement. 


Those identifiers appearing in the list enclosed by parentheses are 


dummy identifiers which represent the function arguments, and must : 
agree in number, order, and mode with the actual arguments given— ee 
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at execution time. These arguments may be array names as well 

as expressions. Therefore, the dummy identifiers may appear as 
array identifiers or scalar identifiers. A FUNCTION statement 
must have at least one argument. Dummy identifiers representing 
array names must appear in a DIMENSION statement in the FUNCTION 
subprogram as well as the calling program, and must agree with the 
specification of the arrays in the calling program. 


Examples: 


FUNCTION SEARCH (LIST, ALPHA) 
REAL FUNCTION INDEX (A1,B2,C3) 
INTEGER FUNCTION DELTA (ARG1,ARG2) 


SUBROUTINE Subprograms 


The SUBROUTINE subprogram is not a function in that it may be 
multi-valued and is referred to only by the CALL statement. The 
SUBROUTINE subprogram begins with the SUBROUTINE declaration 3 
and returns control to the calling program via the RETURN statement. 


SUBROUTINE Statement 
* 
Form: SUBROUTINE identifier (identifier,identifier,...,identifier) ‘__, 


This statement declares the following program to be a SUBROUTINE 
subprogram. The first identifier is the name of the subroutine. 
Those identifiers appearing in the list enclosed in parentheses are 
dummy identifiers which represent the subprogram arguments, As 
in the FUNCTION statement, these arguments may be scalar or array 
identifiers. e 
Dummy identifiers representing array names must be declared_in a— amen 
DIMENSION statement within the subprogram and must agree with 

the specifications of corresponding arrays specified in the program 
containing the CALL statement. 


Contrary to the FUNCTION and Arithmetic Function Definition State- 
ments, the result of a SUBROUTINE subprogram is not -necessarily 
a single value and the value of the name of the s.bprogram may or 

may not (depending on the subprogram) be meaningful. instead specific 
results are normally returned as values of variables in the argument 
list. 


A SUBROUTINE subprogram does not necessarily require arguments; 
in the absence of an argument list no results can be returned via the 
arguments. 
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Examples: 


SUBROUTINE BURST | 
SUBROUTINE FACTOR (COEF1,COEF2,ROOT) 


Implicit Declaration of Identifiers 


Identifiers appearing in declaration statements such as DIMENSION,,. 

FUNCTION, SUBROUTINE, etc., are explicitly classified by their 

appearance in that statement. If the first appearance of an identifier 
- is in an imperative statement rather than a declarative statement, 

the identifier is classified implicitly according to its context. 


For example, in 
DIMENSION ALPHA (5,10) 


the identifier ALPHA is explicitly declared to be a two-dimensional 
array. Similarly 


FUNCTION ALPHA (X,Y) 


explicitly declares ALPHA to be a single-valued function with- 
arguments X and Y, Conversely, 


ALPHA (X,Y) = 2*X+Y 


implicitly declares the identifier ALPHA to be an internal subprogram 
because it appears in an arithmetic function definition statement. Note 
also in the three previous examples that in the absence of declarative 
statements to the contrary, ALPHA is implicitly declared to be the 
identifier of a real quantity. As a further example note that in the 
statement 7 


SUBROUTINE ALPHA (X,Y) 


ALPHA is explicitly declared to be the name of a subprogram with 
arguments represented by dummy identifiers X and Y. 


* However, if the expression 
ALGFNC + ALPHA (A,B)+Z/3 
has not been preceded in a program by any of the four previously 
mentioned declaration statements ALPHA will be implicitly declared 


to be an external subprogram whose presence will be mancakory at 
runtime for execution of the object program. 
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Memory Allocation 


Memory allocation statements are used to supply the system with 
supplemental information regarding the storage of variables and 
arrays; and when the program is to be subordinate to a real-time 
system, to supply memory assignment of the program in bulk memory 
and specify coincident cross-references as may be necessary. 


DEFINE Statement 
Form: DEFINE identifier, (symbolic), identifier, (symbolic),... 


The DEFINE statement provides a method of incorporating uniform 
reference to variables which are to be part of a "permanent memory 
space” in an overall system. 


The identifiers occurring in the list may be array or scalar identi- 

% fiers, or subprogram names. The symbolics enclosed within the 
parenthesis may be PAL symbolic expressions to which the preceding 
identifier will be equated by the compiler. 


Identifiers appearing in DEFINE statements are assumed to have 
space allocated by the overall system and are not, therefore, 
assigned space by the memory allocation section of the compiler. 


* The temporary storage area created by the compiler is named $TEMP. 
It can be assigned to permanent memory by naming it in the DEFINE 
Statement. ’ 

EXAMPLE : 


DEFINE X(VO1T25), SQRTF(/3000), $TEMP(/4020), COMMON(/3127) 
COMMON Statement 


Form: COMMON identifier, identifier,...,identifier 


Within the space allocated by the overall system as "permanent 
memory", a section is set aside with the symbolic label of the 
first locations as "Common". For this purpose, the symbol, COMMON, 
is reserved in both the FORTRAN and PAL languages and is used 
solely for reference to this specially named section of memory. 
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The identifiers in the COMMON statement may be either array or 
scalar names provided that the array names also appear in a 
DIMENSION statement in the same program. 


During allocation, each variable to be allocated in COMMON is 
assigned the next block (one word for scalars, array size for 
arrays) relative to the previous allocation with the first such 
allocation being a simple equation to the symbol, "COMMON". 
EXAMPLE : 


COMMON § SCALAR,J, ARRAY, A 
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In the above example, suppose that SCALAR and J are scalars and -: 
that ARRAY and A are dimensioned elsewhere as ARRAY (-1/3,5).- 
and A(100). The resultant equations to COMMON would be: eo 


" SCALAR EQL COMMON 


J EQL COMMON + 1 
ARRAY EQL COMMON + 2 
A EQL COMMON + 27 


In view of the implicit property of the symbol, COMMON, as a 

member of the same space as that referred to by the DEFINE state- 

ment, the above equations to COMMON can be seen as equivalent to’  . 
those which would be produced by 6 


DEFINE SCALAR (COMMON). J(COMMON + 1), 
ARRAY (COMMON + 2), ACCOMMON + 27) 


EQUIVALENCE Statement 


The EQUIVALENCE statement allows more than one identifier to 
represent the same quantity. 


Form: EQUIVALENCE (Ry >Roo>>- oR), (RL Riya s se ooR) 


where R denotes a location reference. 


The location references of an EQUIVALENCE statement may be 

simple scalar or array identifiers, or may be identifiers appended 
by an integer constant enclosed in parentheses. All location 
references enclosed within the same parenthetical expression share 
the same storage location. Such a group is known as an equivalence 
set. For example, 


EQUIVALENCE (BLACK,WHITE) 


states that the identifiers BLACK and WHITE refer to the same storage 
location. 


To refer to a specific location in an array, that location must be 
appended to an array identifier as an integer constant, For example, 
if A is a scalar variable and B is an array the statement 


EQUIVALENCE (A,B(5)) 


specifies that A and the fifth location of the array B share the same 
storage location. 
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To refer to a specific quantity in a multiply dimensioned array the 


location of that quantity must first be calculated. As an example, 
consider the three dimensional array specified by 


DIMENSION CUBE (L,/U, » Ly /U,» L,/U,) 


where L, and U, denote the lower and upper limits of the i th sub- 
script. To calculate the location of 


CUBE (K, 5K, »K,) 


use the formula 


LOCATION = (U 


pia aes wLyt+1)(U, -L, +1) (Kg -L,)+(U, -L, +1) 
ane a aa 
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Therefore the statements 


DIMENSION SPACE (12), VOLUME (2, 2, 2) 
EQUIVALENCE (SPACE(3), VOLUME (7)) 


specifies that the quantities SPACE (3) and VOLUME (1,2,2) will 
‘share the same storage location. Notice that only the relative 
location of the quantities within the array matters, since the entire 
array is adjusted to satisfy the EQUIVALENCE statement, In the 
example above, the statement 


EQUIVALENCE (SPACE(1), VOLUME (5)) 
would have had the same effect as 


EQUIVALENCE (SPACE(3), VOLUME (7)) 


Where the location of a variable is known relative to a second 
variable, this location may be specified by appending an.integer 
constant to the identifier of the second variable. The integer to be 
used is determined by considering the sequence of quantities as an 
unidimensional array. For example, if we have in storage at 


LOCATION 
Ll: ALEPH 
L2: BETH 
L3;: GIMEL 
L4: DALETH 


the statement 


EQUIVALENCE (GAMMA,ALEPH(3)) 


wililes 


will specify that GAMMA and GIMEL refer to the same storage 
location. 


Note that the property of equivalence is transitive; the statement 


EQUIVALENCE (X,¥),(¥,2) 


--has the same effect as 


EQUIVALENCE (X,Y, Z) 


Jgint DEFINE, COMMON and EQUIVALENCE Rules 


In the event that identifiers appear mutually in DEFINE, COMMON 
end/or EQUIVALENCE statements, the DEFINE statement takes 
precedence followed by the COMMON statement. 


All equivalences to DEFINE and COMMON variables are equated 
off, i.e., removed from the remaining equivalence sets and 
entered in the object code as equations to symbols occurring in 
DEFINE statements or to the symbol, COMMON. 
BEGIN PROGRAM AT Statement 

Form: BEGIN PROGRAM AT n 


where n is a PAL symbolic specifying the location in bulk memory 
into which the ensuing program is to be Loaded. 


SEGMENT Statement 


Form: SEGMENT n, my, M,, M3, NXENTY, my 


where 0 is the MONITOR recognized program number of the following 
segment. This statement is used to break a large program into a 
number of smaller segments. 


In addition to segmentation by turning "off" and turning the next 
part (segment) "on'', the SEGMENT statement causes the execution (at 
compile time) of' a FORTRAN "END". This execution allocates 

storage, published errors and removes all known names and labels 
from. the tables before proceeding to the next job. Therefore, the 
only information carried forward to the next "segment" will be the 
relative location in bulk memory. Care must be taken to assure that 
variables which are common to segments are dechencs in each ecement 


by "COMMON" or 'DEFINE".statements. Ae. ee 
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DIAGNOSTICS 


Statement Diagnostics 


Statements which violate the syntax or semantic rules of the 
FORTRAN language are detected during compilation and are 
discardea. An error message is printed on the line printer and 
compilation proceeds as if the erroneous statement had never 
been encountered, The error message consists of the statement 
in the form in which it entered the computer; then one character 
of the statement is indicated by a dollar sign, "S$", printed 
beneath it. For example, in 


13 FUNC = 2*K+Y*+A 
$ 


The character "+" is marked as an error. In the case of syntax 
errors, the marked character itself is unacceptable as in the above 
example, In the case of a semantic error, an identifier or other 
construct is being improperly used, and the dollar sign indicates 
the last character of the construction. For instance, in the state- 
ment 


ASUM = PART#%*3+4 
3 


the dollar sign would indicate that the identifier PART is being used 
incorrectly; e.g., PART may be the name of a subprogram. ) 


The compiler will try all possible legal interpretations of a state- 
ment before finally discarding it. The dollar sign position indicates 
the greatest amount of correct information, starting from the left, 
that was found under any assumption about the statement. 


A comment indicating the reason for the error is then printed at the 
left margin after the marked line. These comments are as follows: 


SYNTAX 


This comment usually occurs because of erroneous punctuation or 
illegally constructed arithmetic expressions. ’ 


NUMBER 


A constant, label, or input-output symbolic unit number is feo large 
or is incorrectly constructed, 


ee 


ID DECLARATION 


The identifier indicated is being used in a manner contradictory to 
a previous declaration, 


SUBSCRIPTS 
There are too many subscripts, an expression describing a subscript 
is incorrectly constructed, or the number of subscripts used in an 


array variable does not agree with the number declared in the 
DIMENSION statement. 


ALLOCATION 


1. A negative or zero array size was specified in a DIMENSION 
statement. 


2. The rules of COMMON or EQUIVALENCE have been violated. 


In either statement the identifier causing the violation is 
marked. 


PROGRAM OVERFLOW 


The working core storage available to the compiler has been 
exceeded, 


ARGUMENTS 


A FORTRAN reserved function has been employed with the wrong 
form and/or number of arguments. 


Program Diagnostics 


Comments concerning labeling and allocation errors are listed at 
the end of compilation. The label errors comment is followed by _ 
a list of statement labels, and the allocation errors comment by a 

“ list of the offending identifiers. 


LABEL ERRORS 


1. The following statement numbers were used in control 
' instructions within the program but referred to an unnumbered 


statement. 
2. ‘Two or more statements have the same label. 
3. The statement closing a DO loop was never reached. 


ah] @ 


4, The final statement in the range of a DO loop was a transfer 
statement. 


ai The DO loop was illegally nested. 

ALLOCATION ERRORS 
The identifiers that follow this error message violated. DEFINE, 
COMMON and/or EQUIVALENCE rules, such as the use of a 


function or subroutine name as the name of a variable in either 
a COMMON or EQUIVALENCE statement. 


«iS « 


aN 
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APPEDNIX A 


SUMMARY OF GE/PAC FORTRAN STATEMENTS 


COMPUTATION 


Arithmetic Assignment Statement 


SET BIT 
RESET BIT 


CONTROL 
Unconditional GO TO 
Computed GO TO 
Assigned GO TO 
ASSIGN 
IF 
IF BIT 
IF SENSE SWITCH 
IF ACCUMULATOR OVERFLOW 
DO 
CONTINUE 
CALL 
RETURN 
STOP 
END 


INPUT-OUTPUT 

READ 
PRINT 
PUNCH 

* IF READ 
IF PRINT 
IF PUNCH 
FORMAT 

* READ DRUM 
WRITE DRUM 


COMMUNICATION WITH REAL-TIME MONITOR 


* TURN PROGRAM ON 
TURN PROGRAM OFF 
DELAY PROGRAM 


DECLARATIONS 
REAL 
INTEGER 
DIMENSION 


Arithmetic Function Definition Statement 


FUNCTION 


SUBROUTINE 

REAL FUNCTION 
INTEGER FUNCTION 
DEF INE 

COMMON 
EQUIVALENCE 
BEGIN PROGRAM AT 
SEGMENT 
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FOREWORD 


This is a reference nanual for the GE/PAC Double-Word FORTRAN language. 
A previous familiarity, on the part of the reader, with basic FORTRAN 
concepts is assumed. No attempt is made to present the essentials of 
FORTRAN in a form usable for a fundamentals course in FORTRAN language 
usage, The primary purpose of this manual is to describe the specific 
statements and capabilities of the GE/PAC Dozble-Word FORTRAN language, 


Additions have been made to the FORTRAN i] language to increase pro- 
gramming flexibility. In addition, they provide the prograwmer with 
special statements which enable him to produce a total real-time system. 


Existing FORTRAN II programs can be compiled in GE/PAC FORTRAN, provided 
that the specific restrictions noted herein are not violated, Programs 
written for GE/PAC Single-Word FORTRAN can be compiled in Double-Word 
FORTRAN provided that the restrictions noted in BIT statements and 
BOOLEAN statements are followed. 


INTRODUCTION TO DOUBLE-WORD FORTRAN 


A GE/PAC FORTRAN program is a sequence of statements, each of whose 
characteristics is described in this manual, These statements may 
be classified according to the following general categories. 


1. COMPUTATION statements which comprise the working body 
of the program; e.g., numerical calculation and bit 
manipulation. 


2. CONTROL statements which specify the flow of control 
during execution. 


3% DECLARATION statements which supply information about the 
program. 


4, INPUT-OUTPUT statements which provide communication with 
the system peripherals. 


Dis PAL LANGUAGE statements which may be included in the 
program in order to "tailor" certain critical areas. 


PROGRAM PREPARATION 


The statements representing a Double-Word FORTRAN program are first 
entered on a coding form similar to that of Figure 1. The lines of 

the coding form are divided into sixty-nine columns, each of which 

may contain one character. Each statement is written on a separate line; 
if more than one line is required, as many as four additional lines 

may be used as a "continuation" of the statement. 


Columns 1 through 5 may be used for a statement number. Such numbers 
may be used as labels to which other statements in the program refer. 


A non-zero, non-blank character in column 6 indicates that the line is 
a continuation line. 


The body of the statement itself is entered in columns 7 through 69 of 
the initial and any necessary continuation lines. 


Column 70 must contain a "7" in all lines of all statements of categories 
1 through 4 above. Lines which contain a "6" in column 70 are of category 
5. All category 5 statements are transuitred unchanged into the object 
program. 


A "C" in column 1 indicares that the statement is a comnent., Like 
category 5 statements, comment statements are passed directly into 

the object program at the poinc of encounter, The rexr of the comment 
may be entered in colimns Z through 69 of tre imiiial line and in 
columns 7 through 6% of contiavcacion lines. 


A "EB" in column 1 indicates the statemenc is ot type “Boolean” and thar 
certain numerical calculations contained in che statemenc are to be 
performed with logical rather than arithnetic operations, 


Except for columns 1 and 6 and certain alphan.meric fields, blanks are 
ignored and may be used freely to increase legibility. 


The first line of any program, irrespective of content, is assumed to 
be the title line and contains the text (columns 1 through 39) which 
will head pages of the output Listing and the program identitication 
number (columns 71 througt. 75) which will be sransm.tred ro all geaner~ 
ated object lines. 


The last line of the program must be an END sratement, An END state - 
ment may contain no other charactexs in coluwns 7 through 69 except 
NEND" 3 


SAMPLE PROGRAM 


It is desired to fit the best straight Lines approxinet.on ro a pop- 
ulation of data by the method of least aguares, The tollowing program 
indicates how this would be done using FORTRAN, Tre general ‘formla 
for the approximation is of the forr y = atbx. The solve for a and b 
by the method of least squares we evaluate the torr las. 


(Zy) (2 e\ 2. (Ex (Say) 
IS Ea ee re = a Oe aS en ee 
a= (n) (Sx*) ” CS xl 


(n) Czxy) - (2%) Cay) 


o 
‘ 


Line 1 is the TITLF CARD. It is also a FORTRAN comment card. The 
Sample Program is illustrated in Figure 1 on the folloning page. 


The dimension statement. of line ? declares XK and 1 to be one diren- 


Sional arrays each containing 20 novbers This declaration sets aside 
two groups of 20 consec:. tive storage spaces for X and ¥ and allows them 
to appear as subscripted variables witnin the prograt. 


Line 3 is an input statement that reads a record of previocslw prepared 
data from tape ender control of FORMAT scatement 10 and olaces is in 
the consecutive locations of the X and ¥ arrays 


tie 


{Os : j Project Name 
ais m - . re 7 as, . 
GENERAL Gs) ELECTRIC PROCESS LANGUAGE STATEMEDT Program Name 
“ie” 


a 


£ 
~~ F 
PROCESS COMPUTER SECTION CODING FORA Page of Date 
ao) - PHOENIA, ARIZONA | _ | Programmer 
Type Code: O-deletion, 2~PAP, 3-NOAP, a 


oe BRANCH CONTROL FIELD boc Sequetee 
ar i ea | Any Case 
"| LOCATION" © _ TYPE STATEMENT ee 


t 
fs‘ ‘oft 1213 ‘1415 16 V7 ‘1s W9 ‘90! ai 22" 23°24 25 26 ‘37 28 29 ‘30° 31 32 33 34 ‘35 36'37 38 39 “40 ri aad 46 47 48 49/50 51 52 53 54155 56 57 58 59 | 0°61 62 63'64| 62 63. 64)65 66 6F &8 Seite 72173 74 75} 76 77 78 79 80 
| , ; 


Tp I el caer ae oe eee 


we Beaucet oF (20) a¥ (20) we 
; thy : — ' ] , mot 


' 
me 
4 
} i 
t 


eee oe co ena eee 
$ 

k 

5 


eee 


i | Zs 7 
oe ee ae 
man Pe dt ee ae oo, 
sion Be pee ee: i ee Seen oven 
i | shh. 2 rs . 
Baz ae SD ne rg seee as ies a 
| ar 
EIT 2 
ee ie oe es Ge ee on Oe 
Se ee sa SEE Seale UR oe oe ey Ses eh ee pe 
4 
- Ps saa eft Sth ee ie Sh ee ee 


Al= (sluy #S UMSOX- See ee % SUMS QIX|- SUMX/# 2) - 
Bl= (2lo. *SUMXY= =SUMX*SUMY)/(20. *SUMSQX- S|UMX.**2I) 


r 3 4 ie oe 
PRINT 10,AsB _ Pveol Ac receee 


or 


FIORMIAT T C2426) ns 
EIN 0 eee eee ee alee ee ele a one eee 
ae PeEREECGGL ry ; a ee ae ee ry 
: M4 Poe eer EE Ts SA ee A ee 
CSb. ee ee  e e  e e  G ee e foe 
Pee ae i er eee ee 
ie aN ee Pero ie 
‘ Por bags SF { at | toy 4 ‘ i ees 
Secerseree s. pide pach 
peters ween SS Fata ee aan aT ip mare = ee setts teense : ae es bs if ig 
ae SUCERAAATMEUONTERUGEED SET 
aie see oa Ce ep a ee ee Boe ee kde de dt 
tt Seen oem s j oe Oe ae edo a 
; ewe Peg oe ee | ca on a 
oe le Sloe ee ae | * im 
+ poeta 379) * Restricted to five characters for COOL” a Pa) Vey Shaded afeas indicate PAP format restiictions 


| fo a ee ee 


Calculation actually begins with line 4 in which a variable called 
SUM is set equal to zero. Similar operations are performed on lines 
5, 6, and 7. 


Line 8 sets up a series of repetitive calculations in what is known 

as a DO loop. it causes the calculations up to and including state- 
ment 5 on line 12 to be performed 206 times. The subscripting variable 

Lf is set to 1 for the first execucion of the following four instructions 
and is increased by 1 for each subsequent execution, In this manner it 
is possible to refer to successive values of X and Y for calculation 
purposes. 


In line 9 a value of X is added to SUM and the result is assigned to 
SUM. A similar operation is done for ¥ on iine 10. 


In line 11 a value of X¥ is squared, added co SIMSCX, and assigned to 
SUMSOX, 


In line 12 a valve of X is maltiplied by a value of Y, added to SUMXY, 
and assigned to SUMXY. 


After the previous four calculations have performed 26 times, control 
passes from the DO loop to the statement of line 13 in which A is cal- 
culated, Then B is calculated on line 14. 


Line 15 is an output statement which causes the valves or A and B to be 
printed on-line according to FORMAT statement number 10 (line 16). This 
FORMAT statement indicates two answers are to be printed on the same 
line, each answer occupies 14 spaces (including blanks) and there are 

6 digits after the decimal point, 

the END of the example. 


Line 17 is a control card indicat ing 


COMPUTATION 


BASIC ELEMENTS 


The basic elements used as operands in Double-Word FORTRAN computations 

are constants, variables, and functional references, all of which repre- 
sent numerical quantities. In the FORTRAN language, these elements are 

represented by symbols composed of character strings. 


QUANTITIES 


Two types of numerical guancities are recognized by FORTRAN, arithmetic 
and logical, Within the designation arithmetic, two modes are recognized, 
real and integer. Integer quantities represent integers within the range 
~8, 388,608 (-223) through 8,388,607 (223.1) inclusive, and occupy one 
machine word, Real quantities represent real numbers and are represented 
in the computer by floating-point configurations comprised of a 9 bit 
exponent and a 37+sign bit mantissa and occupy two machine words. The 
approximate range of floating quantities is -1076 through -10777, 0 and 
10-77 through 1076, 


Within the designation logical, only octal digits (0 through 7 inclusive) 
are recognized. An octal quantity occupies one machine word and has a 
maximum value of 77777777. 


CONSTANTS 


Constants are numbers of arithmetic or logical type which appear in che 
source program in explicit form. 


Arithmetic integer constants are written as a string of decimal digits. 
Examples ; 
0 
1 
1964 


Logical integer constants are written as a string of octal digits. 
Examples: 


0 
252525 
77777777 


co os 


In either type, the integer represented must lie within the range 
specified above for integer quantities. 


Real constants are written as a string of decimal digits which includes 
a decimal point. 


Examples ; 


0 
Ly 
2.71828 


Real constants may be given a scale factor by appending an "E" followed 
by an integer constant, which indicates the power of ten by which the 
number is to be multiplied. This scale factor way be preceded by a "+" 
or "-" sign to indicate positive or negative powers of ten. If no sign 
is given, it is assumed to be positive. 


Examples ; 
1.E-12 neane 10° *- 
.00314159E+3 means 3.14159 
19 ,.64E+2 means 1964. 


As another alternative, a real constant may be expressed as an integer 
constant followed by a scale factor. 


Examples: 
55E=3 means .055 45 
132E45 means 132 x 10 
69E4 means 690000 


In any representation the number must lie within the range described 
above for floating quantities. 


IDENTIFIERS 


Identifiers are used to name the variables, subprograms. and dummy 
arguments which appear in a FORTRAN program. An identifier is a string 

of letters and digits, the first of which must be a letter, The string 
may be any desired length, but only the first six characters will be used. 
Identifiers may be declared as integer or real, either explicitly or 
implicity. Implicit definition depends upon the first letter of the 
identifier. If the first letter is from the group (1,J,K,L,M, and N), then 
the identifier is of the class integer. If the first letter is not from 
this group then it is of class real. Explicit definition of identifiers 
is accomplished by the declarative statements REAL and INTEGER. 


eG. te 


Examples ; 


Real RATE 
DECREMENT 


Integer L307 
MONTH 


VARIABLES 


Variables represent quantities which may assume many different values 
and are referred to by name. They may be either scalar or array vari- 
ables, depending on the nature of the quantity they represent. 


SCALAR VARTABLES 


Scalar variables represent a single real or integer quantity and are 
written as simple identifiers. 


Examples ; 


DISTANCE 
Z 
N3 


ARRAY VARIABLES 


An array variable represents a single element within an array of quan- 
tities, The array variable is denoted by the array name followed by 

a subscript list enclosed in parentheses. The subscript list contains 
one or more arithmetic expressions separated by commas, Each expression 
corresponds to a subscript and the values of the expressions determine 
which array element is to be referenced. The number of subscripts in the 
list must equal the number of dimensions specified for the array. 


Examples ; 


A (4) 
BETA (M+3) 
JOHN (2*1TEM-13) 


SUBSGRIPTS 


A subscript may be any expression of the type, arithmetic; however. its 
Significance is of integer mode and limited in range by the size of the 


array dimension involved, Therefore, when necessary, the value of 
any expression used as a subscript is truncated to an integer and reduced 
modulo 214 before being employed in reference. 


SINGLE-BIT ARRAYS 


As the operands of certain Gz/PAC 4000 FORTRAN statements (SET BIT, 

RESET BIT, IF BIT), the individual bits in the binary representations 

of integer scalar variables (not. array variables or real veriables) 

may be referred to by appending a single subscript (in parentheses) to 
the scalar identifier, The subscript is calculated as any other sub- 
script but refers to the bit position in the memory word and consequently 
has meaning only in the range 0 through 23. The appearance of an integer 
scalar identifier with a svbscript is leagal only in SET BIT, RESET BIT 
and IF BIT statements. 


Examples ; 


LIGHT (35) 
MODES (13) 
INHIB (XMINOF (7, K+2)) 


FUNCTION REFERENCES 


A function is a subprogram which acts upon one or more quantities 
called arguments to produce a single quantity called the function value. 
Functional references are dentoed by the identifier which names the 
function, followed by an argument list enclosed in parentheses. 


identifier (argiment. argument,..., argument) 
An argument may be an expression or an array identifier. 


The function value may in curn act as an element whose mode is determined 
by the mode of the identifiers naming it. or by use of the appropriate 


a NPS 


the types and modes of its arguments. 
Examples : 


ATANF (ALPHA) 
DATE (MONTH, DAY, YEAR) 
GAMMA (N, Z*SQRTF(ZETA)) 


RESERVED FUNCTIONS 


Certain commonly and frequentiy used arithmetic functions are provided 
as part of the system library and will be incorporated in the compiled 


program by the compiler through the use of a "LIB" operation, The names 


of these functions must, therefore, be "reserved" and limited to use as 
subprogram identifiers for the library subprograms to which they refer. 


i 


The following table lists these names together with information about 


the functions themselves. 


- 


Subprogram 
Identifier 


Function 


Trigonometric Arctangent 
Trigonometric Sine 
Trigonometric Cosine 
Square Root 

Log base © > 
exponential ‘& to a power) 
absolute value 
absolute value 
Hyperbolic sine 
Hyperbolic cosine 
Hyperbolic tangent 


TANHF 


MODF arg, ~ larg, /arg, | arg. (See Note) 
XMODF arg, modulo arg. 
SIGNF Signum (arg,) “arg 


XS IGNF Signum arg’) *arg 
DIMF (arg ~arg,) it arg, >arg,; else 0 
XDOIMF (arg, -arg,) if arg, >arg,; else 0 
MAXOF Maximum value of args. 
MAX1F Maximum value of args. 
XMAXOF Maximum value of args. 
Maximum velue of args. 
Minimum value of args. 
Minimum value of args. 
XMINOF Minimum value of args. 
XMIN1E Minimum value of args. 


Tnteger wart (truncation) 


Float an integer 


NOTE - [ | indicate "greatest integer in" 


Number 
of 
Args 


NIN ND ND Be eR be eRe ee ee 


Modes 


|. I=integer R=real 
Function 
Value Arg(s) 

R R 
R R 
R R 
R R 
R R 
R R 
R R 
I L 
R R 
R R 
R k 
R R 
I t 
R R 
‘ I 
R R 
[ 1 
R I 
R R 
L L 
rT R 
R Ek 
R R 
a Zz 
[ R 
k R 
I R 
r R 
R 


Ra 


EXPRESSIONS 


An expression is a sequence of elements separated by operational 
symbols and/or parentheses in accordance with conventional mathe- 
matical notation and certain FORTRAN restrictions. Two types of 
expressions are recognized, arithmetic and logical. 


FORMATION OF EXPRESSIONS 


An expression has a single numeric value equal to the result of the 
calculation specified by the numeric quantities and arithmetic or 
logical operations comprising it. The arithmetic operational symbols 
are "HM WAN Me M7" and "ee", denoting respectively addition, 
subtraction, multiplication, division, and exponentiation. 


A logical or "Boolean" expression is formed in the same fashion as 
an arithmetic expression except that the operational symbols recog- 
nized are "+", "/", "™", and "-", denoting logical sum ("or"), 
logical difference ("exclusive or"), logical product ("and") and 

, logical complement ("not") respectively. An expression is declared 
~ Boolean by the placement of a "B" in column 1 of the first line of 
the FORTRAN statement in which it occurs. In any statement declared 
Boolean, all operational symbols in expressions are interpreted in 
the logical sense except in those expressions used as subscripts to 
arrays (subscript expressions are universally of type arithmetic- 
integer). In Boolean expressions, all constants are interpreted as 
type logical-integer and appear as octal integers. All other represen- 
tations are illegal. All variables in Boolean expressions must have 
integer definitions; all other representations are illegal. 


An expression may be as simple as a single element. i.e., a constant, 
variable, or function reference. 


Examples: 


3,142 
OMEGA (T) 
COSF (DELTA) 


Compound expressions may be formed by using operation symbols to 
combine basic elements, 


Examples: 


Z+2 
SUMX/N 
SQRTF (B**2 -4*A*C) 
“10= 


An expression may be enclosed in parentheses and considered as a 
basic element. 


Examples: 
(Z-3) /LAMBDA 
(ALEPH) 
COSF (SINF(2*PI*R*T))} 
Any expression may be preceded by a "+" or "=" sign, 
Examples : 
+TEN 
=~ ( AX*B) 
=SINE (+ALPHA) 


With the exception of logical complement, no two operational symbols 
may appear in sequence. The expression: 


[#-J 


is illegal in arithmetic expressions, but is allowed in Boolean 
expressions. The use of parentheses, yields the correct arighmetic 
form: 


I# (J) 


Adherence to the above rules will allow the formation of all permissible 
expressions. : 


If the precedence of arithmetic operations is not stated explicitly 
by parentheses, it is implicitly interpreted to be as follows, in 
order of decreasing precedence: 


Symbol Operacion 
we exponenrilation 
# 4 / iLtiplicati ad divisi 
and multiplication and division 
+ and - addition and subtraction 


Tn Boolean expressions, the implied precedence in decreasing order is, 


Symbol Operation 
? logical complement 
* logical product 
/ logical ditterence 
+ logical sum 


ee 


for example, the arithmetic expression 
UFVAW /X#*T4Z 

- taken to be 
CO*V + CW/ CX**Y) +42 


Since sequences of operations of equal precedence can result in 
ambiguities, they are resolved by grouping from the left. Thus 


A**Bx*C and 
X/¥/Z 


are interpreted as 


CARKB)#*C and 
(X/¥)/Z 


respectively, 
EVALUATION OF EXPRESSIONS 


Except for Boolean expressions, which are modeless, the numerical 
value of any expression may be of integer or real mode, as determined 
by the modes of its elements. There are three possible combinations: 
all elements are integer (integer expression); all elements are real 
(real expression); or both real and integer elements occur (mixed 
expression). All combinations are permissible in GE/PAC 4000 FORTRAN. 


INTEGER EXPRESSIONS 
An integer expression is evaluated using integer arithmetic through- 
out to yield an integer result. Fractional parts arising in division 
are truncated, not rounded. For example, 5/3 gives 1, 4/7 gives 0. 
Examples ; 
L 


I*2+m 
(J-3)*MAN+INDEX 


a Oe 


REAL EXPRESSIONS 


A real expression is evaluated using floating-point arithmetic through- 
out to yield a real result. 


Examples ; 
((Y(N+1)+Y(N-1))/2.*DX) 
COSF (ALPHA+BETA) 


MIXED EXPRESSIONS 


Mixed expressions are evaluated by converting all integer variables to 
real variables and then treating the expression as if it were real. 
The result is given as a real quantity. 


Examples: 


Z*2%*(I+L) 
Arie J+ J*#C 
R(K+2)*ATANF(X1) 


BOOLEAN EXPRESSIONS 


Boolean expressions are evaluated using single-word logical operations 
upon the elements. All constants encountered are interpreted in octal. 
Array elements may occur, the subscripts of which will be interpreted 

as arithmetic-integer expressions. All other elements (e.g., function 
values, expression values) are treated as one-word binary configurations. 


Examples: 
IWORD*MASKI+I FIELD 


1*77 / JCOMUTR 
M(2*1-5)*(-N(2*L) /-L(T)) 


19- 


COMPUTATION STATEMENTS 


ASSIGNMENT STATEMENT 


The assignment statement specifies an expression which is to be evaluated, 
and a variable called the starement variable to which the expression 
value is to be assigned, 


: Form: variable = expression 
Note that the "="" sign means replacement, not equality. The first example 


below is not a mathematical equation but a valid assignment statement 
meaning "take the value of Z, cube it and assign the result to X." 


Examples; 
X = Ze*3 
J = K*¥(L-5) 


A(X) = LOGE (1+2*X) 


The value of the expression in an assignment statement is made to agree 
with the mode of the statement variable before the replacement is per- 
formed. If the statement variable is real, an integer expression value 
will be converted prior to replacement, and conversely. For example, in 
the statement 


A = 3%J+K 


the integer value of the expression is converted to floating-point before 
assignment to A, 


BIT ASSIGNMENT STATEMENTS 


The bit assignments statements, SET BIT and RESET BIT, provide for the 
assignment of values (1 or 0) to the individual bits of integer scalar 
variables, 


Form: SET BIT integer scalar variable (subscript),.,.., integer 
scalar variable (subscript) 


RESET BIT integer scalar variable (subscript),..., integer 
scalar variable (subscript) 


The individual bits referred to in the list following the SET BIT or 
RESET BIT preamble are "set" (set = 1) or "reset" (set =0) as indicated. 
Examples: 


SET BIT JOE (2*I-1),1SAM(23), JFLAG(PERIF (J) ) 
RESET BIT K(3), IFLAG(PERIF(J+1) ),LOC(0) 
~14- 


Mf ARN ILA 


CONTROL STATEMENTS 


In a FORTRAN program, control normally passes sequentially from one 
statement to the next in the order in which they are presented to the 
compiler. Control statements allow the programmer to alter this normal 
program flow. To implement this, FORTRAN source statements may be 
labeled with numbers which are referred to by control statements. 


STATEMENT NUMBERS 


A statement number consists of an unsigned integer constant of up to 
five digits. Leading zeros are ignored. The value of the integer must 
be greater than zero. 


Although statement numbers appear in the source program as integers 
they must not be confused with numerical quantities. They represent 
a distinct type of quantity in a FORTRAN program known as a statement 
number, and are used for the identification of addresses within the 
object program. 
Since statement numbers are used for identification they must be uniquely 
defined; i.e., no two statements may have the same number. No order or 
sequence is implied by statement number magnitudes, . Non-referenced 
statements need not be numbered, in fact it is wasteful of compiler storage 
to do so unnecessarily. 
UNCONDITIONAL GO TO STATEMENT 

Form: GO TO n 
when n is a statement number. 
This statment transfers control to the statement numbered n. 

Example: 

GO TO 13 

COMPUTED GO TO STATEMENT 


The computed GO TO statement transfers control to one of a group of 
statements; the particular statement chosen is determined by the computed 


value of an expression, 
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Form; GO TO (My My oMgo eee oA) expression 


where n,,n,.n,;...,M, aré statement munbers. Control will be transferred 
to statement number Tyson »eovsh, depending on whether the expression 


2 Ks 
has the value 1,2,3,...,6r z, respectively. 


Example : 
GO TO (37,24,36), SIZE 


will transfer control to statement number 24 if SIZE has the value 2. 
The value of the expression will be truncated if required. Expression 
values outside the range 1.,2,3,...,k will cause a runtime error indication. 


Examp le : 
GO TO (1,2,3,27). Y¥+2 


will transfer control to statement number 27 if ¥ has the value 2.6183, 
but a value of 3.142 for Y will cause an error indication. 


ASSIGNED GO TO STATEMENT 


Form: GO TO integer variable or 


GO TO integer variable, (n on, ) 


slg» Poe eee rele: 


oO 
1 ae 
This statement transfers control to che statement whose niuwber was last 
assigned to the variable by an ASSIGN statement. The variable must appear 
in a previously executed ASSIGN statement, or a runtime error indication 
will result. 


Examples: 


GO TO JAIL 
GO TO ERROR, 


‘The variable of an assigned GO TO statement is a control] variable. 

and has a statement number rather than a numeric quantity as its value. 
A control variable may be shared between a program and its subprograms 
as may any other variable. 


The (n,,n eMg oo ocoM ) is a parentheLical statement number list of footnote 
value only and may be included or omitred at the option of the user. 
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ASSIGN STATEMENT 

Form: ASSIGN integer TO integer variable 
This statment sets the value of the variable to be used by a subsequent 
assigned GO TO statement. The integer is the number of the statement 
to which control will be transferred by the assigned GO TO statement. 


Examples : 


ASSIGN 37 TO JAIL 
ASSIGN 3 TO IERROR 


This FORTRAN capability is very useful in transferring to a sequence of 
statements that is used as a subroutine by other parts of the program. 


For example, the statement 


ASSIGN 13 to IEXIT 
GO TO 44 


Lo ei 


will transfer control to the sequence beginning at 44. If the sequence 
ends with 


GO TO IEXIT 


control will be transferred back to statement 13. 


IF STATEMENT 


Form: IF (expression) n,,n,,n 
bie uaa 
where n,,n,,n, are statement numbers. This statement transfers control 
to statément n,,n,, or n, depending on whether the value of the expression 
is less than, @qual to, or greater than zero respectively. 


Examples: 


IF(Y(I)-LIMIT) 6, 12, 18 
IF(SUM) 3, 4, 5 


In the first example above control is transferred to statement number 


6 if Y(I)<LIMIT, to statement 12 if Y(I)=LIMIT, and to statement 18 if 
Y(I)>LIMIT. 


Sy 


IF BIT STATEMENT 


2 


where n. and n. are statement numbers. This statement transfers contol 
to the Statement numbered n. if the bit of the variable referred to is 
a "1" and to statement ny if it is a "0". 


Form: IF BIT (integer scalar variable coubSentpt))s 3° 


Examples: 


IF BIT (IFLAG(NOFAIL)) 14, 13 
IF BIT (K(23)) 6, 7 
IF BIT (3(0)) 9, 10 


The second and third examples accomplish negative-positive and odd- 
even tests respectively. 


IF SENSE SWITCH STATEMENT 


Form: IF(SENSE SWITCH expression) Ny oN, 


where ny and n, are statement numbers. 
This statement provides a test for the individual status of each of the 
24 switches on the GE/PAC 4000 console. These switches are numbered 
from 23 through 0, going from left to right. The expression may be of 
either mode but will be converted to arithmetic-integer in use and has 
meaning only in the range 0 through 23. If the console switch specified 
by the value of the expression is in the down (=1) position at the time 
of execution, control is transferred to statement n,; if it is in the up 
au 1 
(=0) position, control transfers to statement Ny > 


Examples ; 


IF (SENSE SWITCH 7) 102, 103 
IF (SENSE SWITCH IOREDY) 6, 7 


IF ACCUMULATOR OVERFLOW STATEMENT 


Form; IF ACCUMULATOR OVERFLOW n,, n 


Lee. 


where ny and n5 are statement numbers. 


This statement provides a test of the GE/PAC 4000 overflow trigger. 
Control passes to statement n, if the overflow trigger is "on" and 
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to n_ if the overflow trigger is "off" at the time of execution. In 
eithér case, execution of the test resets the overflow trigger to the 
"off" state, 


Example: 


IF ACCUMULATOR OVERFLOW 23, 31 


IF 1/0 STATEMENTS 

A series of IF statements has been provided for testing the status 

of individual I/0 devices. These statements are described fully in the 
INPUT-OUTPUT section of this manual (Refer to page 23). 

DO Statement 


The DO statement allows a series of statements to be executed repeatedly 
under the control of a variable whose value changes between repetitions. 


tl 


Forms; DO n integer scalar variable 
DO n integer scalar variable 
expression, 


where n is a statement number and expression < expression, at object 
time. If, as in the first form, expression, is not stated, it is 
assumed to have the value, l. 


expression, , expression 
expression, , expression, , 


The DO statement causes the following statements up to and including 
statement n to be executed repeatedly. This group of statements is 
called the range of the DO statement. The scalar variable of the DO 
statement is called the index or induction variable and must be of 
integer mode. The values of expression,, expression,, and expression 
are called respectively the initial, limit and increment values of the 
index. Each may be of either mode but will be converted to arithmetic- 
integer mode before use. 


The initial execution of all statements within the range is always 
performed with the initial value assigned to the index, regardless of 
the value of the limit and increment. After each execution of the 
range the increment is added to the value of the index and the result 
compared with the limit. If the result has not passed the limit, 

the statements within the range are again executed using the new value 
of the index. 
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After the last execution program control passes to the statement 
immediately following statement n. Exit from the range may also be 
accomplished by a transfer from within the range of the DO statement. 
The value of the index is retained for computation purposes on both 
normal and abnormal exits from the DO loop. 


The range of a DO statement may include other DO statements provided 
that the range of an "inside" DO loop is completely convained within 

the range of any "outside" DO loop. In other words, the range of two 
DO statements may not partially intersect each other. Only total inter- 
section or no intersection is allowed. . 


The index of a DO statement is treated as any other scalar variable. 
Its value may be used for calculation outside the range of the DO 
statement as well as within the ranges. In addition, the values of the 
limit, increment, and index may be altered within the range of the DO 
statement. 


It is also permissible to transfer into the range of a DO statement 
from outside the range. 


Examples: 


DO 37 I = 3, 12 
DO 15 INDEX = FIRST, LAST, INCREMENT 


As an example of the use of the DO statement consider the following 
sequence which will sum all the numbers within a suitably specified 
array. 


SUM = 0 
DO 3 I=1,N 
3 SUM = SUM+X(T) 


CONTINUE STATEMENT 
Form: CONTINUE 


The rules of FORTRAN state that the range of a DO statement cannot end 

with a control transfer statement. In order to gain this capability 

without violation of the rule, a dummy statement, CONTINUE, is provided 

that may be used to end the range of a DO, or as the target point for 
transfer statements within the range of a DO where repetition of all or 

part of the range is conditional. Consider the following statement sequence; 
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DO 3 i=START, STOP 
IF (ALPHA) 3, 17, 51 
3. CONTINUE 
A negative value of ALPHA will initiate another execution of the range. 
The CONTINUE statement provides a target address for the IF statement and 
ends the range of the DO statement. The following sequence is illegal 


and must not be used since the DO loop ends with a conditional transfer. 


2 DO 3 ISSTART, STOP 
3 IF (ALPHA) 2, 17, 51 


CALL STATEMENT 


Forms: CALL identifier 
CALL identifier (argument, argument, ..., argument) 


This statement is used to call (transfer control to) a subroutine 
subprogram, The identifer is the name of the subroutine. 


The arguments, as in the case of functions, may be expressions or array 
identifers. Unlike a function, however, a subroutine may have more than 
one result and may use one or more of its arguments to return these 
results to the calling program. The first form of the CALL statement is 
used where a subroutine requires no arguments. 
Examples: 
CALL DUMP 
CALL MATMPY (X(1,J),¥(J,K)) 
CALL SEARCH (MTABLE, RALPH) 
The mode of the subroutine name has bearing on the mode(s) of its 
results. 
RETURN STATEMENT 
Form: RETURN 


This statement returns control from an external subprogram to the calling 
program. Therefore, the last statement executed in a subprogram will be a 
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RETURN statement, though it need not be physically the last statement 
within the program, Any number of RETURN statements may be used and they 
may occur at any point within the subprogram at which execution is to be 
terminated. A RETURN statement is necessary to return control whether 

a subprogram is explicitly referred to in a CALL statement, or implicitly 
referred to by a functional reference. 


STOP STATEMENT 

Form: STOP 
Since, in a process control application, it is not permissible to stop 
the computer by program, this statement’ is interpreted as an instruction 
to MONITOR to stop operating this program. It therefore generates the 
calling sequence which would be associated with the statement; 

TURN PROGRAM OFF,0,1,0,0,0 
This means that the next time the program is turned on, it will be 
entered at the beginning with all flip-flops reset except the PAIF, 


which is reset. 


STOP must appear by itself on a card. 


END STATEMENT 

Form: END 
The END statement is used to communicate to the compiler the logical 
end of a program or sub-program, It causes the compiler to finish 
the compilation by reserving memory locations for all variables named, 


etc. 


END must appear by itself on a card. 
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INPUT-OUTPUT 


INPUT-OUTPUT STATEMENTS 


Input-output statements call for the transmission of information records 
between computer memory and various input or output units which are 
attached to the computer, In general, an input-output statement provides; 


1. Specification of the operation required; whether input or output 
and the particular unit involved. 


2, Reference to a data format specifying the conversions required 
between internal and external data forms. This reference is to the 
number of a FORMAT statement. 


3. A list of the variables whose values are to be transmitted, The 
list order of the variables corresponds exactly to the order in 
which the information exits in the input medium or will exist in 
the output medium. For example, the statement 


PRINT 20, ALEPH, BETH, GIMEL 


specifies that the values of ALEPH, BETH and GIMEL are to be 
printed on line according to the format specified in the FORMAT 
statement numbered 20. 


INPUT-OUTPUT RECORDS 


All information appearing in external media is grouped into records. 

The amount of information contained in one record and the manner in 

which records are separated depends upon the medium. For punched cards, 
each card constitutes one record; for punched paper tape, a record 
consists of 80 or less frames, followed by a carriage return; in printing, 
a record is one line of 120 or less characters, etc. The actual amount 
of information contained in each record is specified by the FORMAT 
statement. 


Each execution of an input or output statement initiates the tras- 
mission of a new data record. Therefore, the statement 


READ 12, UN, DEUX, TROIS 
is not necessarily equivalent to the statements, 
READ 12, UN 


READ 12, DEUX 
READ 12, TROIS 
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since in the latter example at least three records are required, whereas 
in the former example one, two, three or even more records may be 
required depending on the FORMAT statement numbered 12. 

If an input-output statement requests less than a full record of infor- 
mation, the unrequested portion of the record is lost and cannot be 
recovered by another input-output statement. 


If an input-output statement requests more than one record of infor- 
mation, successive records are transmitted until the data request is 
satisfied. 


INPUT-OUTPUT LISTS 
The list of variables in an input-output statement specifies the order 
of transmission of the variable values. During input, new values of 
listed variables may be used as subscripts or in control expressions 
for variables appearing later in the list. For example, 

READ 4, J, ACJ), BCI+1) 
reads in a new value of J and uses it in the subscripts for A and B. 
The transmission of array variables may be controlled by indexing 
similar to that used in a DO statement, A series of subscripted 
array variables and/or scalar variables followed by an index control 
may be enclosed in parentheses and will act as'a single element of 
the input-output list. For example, 

READ 7, (X(I), I = 1,4) 
is equivalent to 

READ 7, X(1), X(2), X(3), X(4); 
and 

PRINT 8, (X(1), ¥(I), Q, I = 1,2) 
is equivalent ot 


PRINT 8, X(1), Y¥(1), Q, X(2), Y¥(2), Q. 


As in the DO statement, the initial, limit, and increment values of 
the index may be given as expressions; e.g., 


PRINT 2, K, (ARRAY(M), M =1,J,K). 
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The indexing may also be compounded as in the following example: 
PUNCH 3, ((TIME(K,L), K = 1,4), L = 1,8). 
This statement outputs elements of the array TIME in the order 


TIME (1, 1), TIME (2, 1)...TUME (4, 1), TIME (1, 2)... 
TIME (4, 3), ete. 


If an entire array is to be transraitted, the indexing values may be 
omitted and only the array identifier written, The array is trans- 
mitted as in the previous example, in order of increasing subscripts 
with the first subscript varying most rapidly. Therefore, the 
previous example could be replaced by 


PUNCH 3, TIME 


READ STATEMENT 


Forms; READ n, list 
READ (expression) n, list 


where n is a FORMAT statement number, 


This statement causes information to be read from the input device 
identified by the value of the expression, converted to internal 
binary representation according to FORMAT statement n, and stored as 
values of the variables specified by the input-output list. If no 
expression is entered (first form), the device specified will be the 
one corresponding to the value 0. 


PRINT STATEMENT 


Forms: PRINT n, list 
PRINT (expression) n, list 


where n is a FORMAT statement number. 

This statement causes informationcontained in memory as values of 
the variable specified by the input-output list to be converted to 
BCD representations according to FORMAT statement n and printed on 


the output device specified by the value of the expression. 


As with READ, .absence of the expression and its enclosing parentheses 
will produce a reference to device number 0. 
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PUNCH STATEMENT 


Forms: PUNCH n, list : 
PUNCH (expression) n, list 


where n is a FORMAT statement nemnber. 


This statement accomplishes exactly the same function as the PRINT 
statement and in an identical manner, except that the information to 
be output will be punched rather than printed. 


INPUT-OUTPUT TESTS 


Prior to actual execution of I/O operations, it may be desirable to 
test the status of the “about to be employed" 1/0 device. For this 
purpose a series of IF statements of the form: 


IF I/O type not, on 
IF £/0 type (@€xpfession) N,N, >, 


where n Nn,» A, are statement numbers, has been provided to accom- 


e] 
plish the désiréd testing. 


The six specific forms recognized are: 


IF READ Ny, MyM, 
{F READ (expression) My My oMg 
IF PRINT n on, .n 
IF PRINT (4xpSession) Ny 1, oN, 
IF PUNCH Ry My om 
LF PUNCH (éxpression) NM, M, 


As with the corresponding I/O statement, the device number is 
indicated by the value of the expression with absence of the expression 
signifying device number 0, 


n, is the statement number of the first statement in a routine to 
which control is to pass when the tested device is "busy", or whose 
“table” is full. 


n, is the statement number of the beginning of a "faulty" or “bad" 
or “error condition" routine for the tested device. 


n. is the statement number of the starting statement in an "out-of- 
service" routine. 


If no such impediments are found to exist at the time of execution 


by the testing routines in the execution system, control passes to 
the next sequential statement following the IF I/O statement. 
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FORMAT STATEMENT 

All input or output of BCD information requires the use of a FORMAT 
statement specifying the external format of the data and the types of 
conversions to be performed. Any FORMAT statement may be used with any 


input-output medium, and since they are not executed, they may appear 
anyplace in the progray. 


Form; FORMAT (S42S59>0>55)) 


where S is a data field specification. 


NUMERICAL FIELDS 
Four different types of numerical data conversion are available: 
Ll. Type E 


Internal Form ~ Binary floating-point 
External Form ~ Decimal floating-point 


2. Type F 


Internal Form - Binary floating-point 
External Form ~ Decimal fixed-point 


3. Type I 


Internal Form - Binary integer 
External Form - Decimal integer 


4, Type 0 


Internal Form ~- Binary integer 
External Form - Octal integer 


The four types of conversions are specified by the following general 
forms ; 


1. Ew.d 
2. Fw.d 
3. . Iw 
4, Ow 


The letter E, F, I, or 0 designates the conversion type; w is an integer 
specifying the data field width and must be <63. And d is an integer 


specifying the number of decimal places to the right of the decimal point. 
The value of d must be <15. For E-type output conversion, w should exceed 


d by at least 7. For example, ‘the statement: 


FORMAT (13, F10.4, E15.5, 08) 
won 


could be used to print the line 

37 -14, 2639 0.46972E 3 37777 
on the output Listing. 
- Note that plus signs are not printed. 


Note also that in type F conversion there is a decimal point but no 
exponent, whereas type E conversion has an exponent. On output the 
exponent always has the form shown, i.e., an "“E" followed by a signed 
two digit integer. On input, however, the "E" or the sign or the entire 
exponent may be omitted. The following are all valid E15.6 data fields 
for input; 


»327409+2 
.964718E4 
0032764 
305976. 


The fieid width w includes all of the characters (decimal point, signs, 
blanks, etc.) which comprise the number, [f a number is too long for 

its specified data field the excess characters are lost. Since numbers are 
right justified within their fields, the digits lost are those with the 
most significance. The spacing of output data for legibility must be 
considered when specifying a data field width. 


During input, the appearance of a decimal point "." in an "E" or "fF" 

data field specification overrides the "d" specification of the field. 

In the absence of an explicit decimal point, the point is positioned 

d places from the right ot the field not counting rhe exponent, if one is 
present. For example, a number appearing externally as 314159E+1 with 

a data field specification of E12.5 will be interpreted as 3.14159F-1, 


In addition, a scale factor, indicated by a signed or unsigned decimal 
integer followed by the letter, "P", may be employed with E and F fields. 
If used with an "F" field, it will achieve multiplication of floating quan- 
tities by powers of 10 before conversion on output or after conversion on 
input. If used withan "E" field, it will be ignored on input and will 
cause P whole number digits to precede the decimal point and the exponent 
to be decreased by P. The P-factor must not be negative for use with 
E-fields. The maximum absolute value must be <9. A P-factor holds for 
all succeeding E and F fields in the FORMAT statement, To end its 
influence, a P-factor of zero must be stated. 


Examples: 


6PE9 ,3 
2P4F7 .2 


Suppose that the above examples are employed as follows: 


wee 


PRINT 7, X, (PRCNT(E), I = 1,4) 
7 FORMAT (PE10,3, 2P4F7.2) 


Assume further that the values of the variables concerned are: 


X 6,494,650 
PRCNT (1) ,012345 
PRCNT (2) 596938 
PRCNT (3) -856062 
PRCNT (4) 1.56032 


The resulting printed line would appear as: 


0.649E 7 1.23 59 .69 85.61 156.03 


ALPHANUMERIC FIELDS 


Alphanumeric data can be transmitted in much the same manner as numeric 
data through use of the form Aw where A is a control character and w. 

is the number of characters in the field and is <63. The alphanumeric 
characters are transmitted as the value of a variable in an inpet-output 
list. The variable may be of either mode, For example, 


READ 17, V 
17. FORMAT (A3) 


will cause three characters to be read and placed in memory as the value 
of the variable V. 


If the format specification had indicated a field width greater than 

4, the additional characters will be grouped in fours and placed in 
Vtil, V+ 2, --- etc., until the entire field width is satisfied. If 
the last such group contains less than 4 characters, they will be left- 
justified. 


ALPHANUMERIC FORMAT FIELDS 

An alphanumeric format field may be specified by preceding the alpha- 
numeric string with the specification nH, where n is the number of 
characters in the string including blanks and has a maximum value of 120. 


For instance, the following sequence: 


PRINT 3 
3 FORMAT (9H NOT DONE) 


will print the words NOT DONE on line. The n characters of the data 
field are not transmitted as the value of a variable, but are stored 
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in the memory space allotted for the FORMAT statement itself, Then 
characters may be replaced by n other characters by means of an input 
statement which references the FORMAT statement. The value of n must 
be <120. 


An input-output list is not required for the transmission of this type 

of field. During input, n characters are extracted from the input 

record and used to replace the n characters within the specification. 
During output the n characters specified or the n characters which have 
replaced them become part of the output record. For example, the sequence- 


READ 3 
3 FORMAT (9H NOT DONE) 
PRINT 3 


will print the words Ail DONE on line, provided ALL DONE appears in 
positions 1-9 of the input record being processed by the READ 3 state- 
ment , 


ALPHANUMERIC NOTES 


Alphanumeric information can also be placed in an output line by use of 
a special feature, called a "note". For instance, the words "NOT DONE" 
as shown in the previous example could be inserted by: 


PRINT 3 
3 FORMAT ($ NOT DONES) 


The mumber of characters between the two "$'" symbols would be counted 
and the same information would be generated as in the previous example. 
Note that the "$" symbol cannot be a member of a note, since it: signals 
termination of the note. 
BLANK OR SKIP FIELDS 
Blanks may be introduced into an output record, or characters skipped on 
an input record by use of the specification nX. The control character is 
X and n is the number of blanks or characters skipped with a maximum 
value of 31. For example, the statement; 

FORMAT (5H JOB 13, 10X. 4HDONE) 
may be used to output the line- 


JOB 397 DONE 


with 10 blanks separating the two quantities. 
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MIXED FIELDS | P 
An alphanumeric format field may be placed among the other fields of 
the FORMAT statement to enhance the readability of output listings. For 
example: , 

FORMAT ( 8H FORCE = F9.4, 5H LBS.) 
may be used to print- 

FORCE - 297.6374 LBS 
Note that the separating comma may be omitted after an alphanumeric 
format field. — 
REPETITION OF FIELD SPECIFICATIONS 
Repetition of a field specification may be specified by preceding the 
control character E, F, I, A, or 0 by an unsigned integer less than or 
equal to seven giving the number of repetitions desired. The specified 
number of repetitions must not be zero. For example: 

FORMAT (312, 2F12.6, 204) 


is equivalent to 


FORMAT (12, 12, 12, F12.6, F1Z2.6, 04, 04) 


REPETITION OF GROUPS 
A group of field specifications may be repeated by enclosing the group 
within parentheses and preceding the whole group with the number of 
desired repetitions. For example, 

FORMAT (312, 2(F12.4, 3E8.2)) 
is equivalent to 


FORMAT (312, F12.4, 3E8.2, F12.4, 3E8.2). 


Alphanumeric fields may also be repeated in this manner, 


PRINT 7 ar PRINT 8 
7 FORMAT (3(5H BANG)) 8 FORMAT (3¢$ BANGS)). 


will cause the following on line output, 


BANG BANG BANG 


Five levels of repeated groups are allowed. 
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MULTIPLE RECORD FORMATS 
In the case where a group of successive input-output records have different 
field specifications, a slash, "/", is used to separate those field 
specifications. For example, the statement 

FORMAT (408/13, 3F12.8/12A3) 
is equivalent to 

FORMAT (408) 
for the first record, 

FORMAT (33, 3F12.8) 
for the second record, and 

FORMAT (12A3) 
for the third record. 
The comma separating data field specifications may be omitted when a 
slash is used. Blank records may be written on output or records skipped 
on input by using consecutive slashes. On printed output,a slash always 
causes a skip to a new line after completing the record. Both the slash 
and the closing parenthesis at the end of format indicate the termination 
of a record. If an input-output statement list indicates that data 
transmission is to continue after the closing parenthesis of a format 
statement is reached, the format is repeated from the last left parenthesis. 
The statement 

FORMAT (2E12.6, 2(3F7.4, 208, 17)) 
is equivalent to 

FORMAT (2E12.6, 3F7.4, 208, 17, 3F7.4, 208, 17) 
for the first record, and 

FORMAT (3F7.4, 208, 17) 
for all succeeding records. 
The total of all field widths specified for a record is the length of 
that record. If the record length specified is greater than the maximum 


allowable on a particular input-output device, the excess characters are 
lost. 
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DRUM TRANSFER STATEMENTS 


Two statements, READ DRUM (drum to core) and WRITE DRUM (core to drum), 
provide a method for transferrring blocks of information (programs and 
data) between core memory, where execution takes place, and drum memory, 
where large amounts of bulk storage are available. Each statement calls 
for the transfer of a single continguous block and, therefore, no input- 
output list is employed. 


Forms: READ DRUM (symbolic,), (symbolic,), (symbolic,) 
WRITE DRUM (symbolic, ), (symbolic, ), (symbolic, ) 


where 
Symbolic, is the initial drum address in PAL symbolics. 
Symbolic, is the number of words to be transferred in 


PAL symbolics. 
Symbolic, is the initial core address in PAL symbolics. 
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COMMUNICATION WITH REAL-TIME MONITOR 


In order that programs may undergo dynamic scheduling and relocation 
as components of a real-time complex, certain statements which com- 
municate initiation, termination, delay and segmentation of the com- 
ponents to the overall control or MONITOR routine become necessary. 
Description of a series of such statements provided within GE/PAC 
FORTRAN follows. 


TURN PROGRAM ON STATEMENT 
Form: TURN PR@GRAM n @N, expression 


where n is an integer constant indicating the "program number" by which 
the program to be "turned on" is known to the MONITOR. The value of the 
expression specifies the time of next execution of the "turn on" program 
with a O value indicating immediate execution. 


Example ; 


TURN PROGRAM 21 ON, NOW + 1000 


TURN PROGRAM OFF STATEMENT 


Form: TURN PROGRAM OFF, m,, m,, m,, Return, n, 
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This statement turns the current program off, i.e., places it in the 
inactive state 


Example; 


TURN PROGRAM OFF, 0, 1, 0, NXENTY, 0 


Mys My. M35 Mi)» and Return are PAL symbolic fields interpreted as follows; 
m,: 1 = set QVRF 
Ty: 1 = set PAIF 
Me § 1 = set TSTF 
mys 1 = set TMFF to TRAP 


Return: Symbolic location for ECP entry 
at time of next "turn on" 


(IMFF -Memory Fence Flip-Flop) 
mye 


DELAY PROGRAM STATEMENT 


Form: DELAY PROGRAM, m,, m 


1? 32 


This statement places the current program in an inactive state for a 
specified length of time, 


my and. m, are PAL symbolic fields indicating the following: 


m, 1 


program's area of occupancy 
is now available. 
0 = area remains tunavailable 


mM. indicates length of delay 


SEGMENT STATEMENT 


Form: SEGMENT n, mm m,. NXENTY, m 


2S 


me 


1 4 
where n is the program number of the following "segment" to be assigned 
and recognized by MONITOR (as in TURN PROGRAM ON). 


Aside from its declarative properties (see section of this manual 
titled DECLARATION), SEGMENT n is equivalent to the following 
statement sequence. 


TURN PROGRAM n ON, 0 


TURN PROGRAM OFF, m,, ™,, m,, NXENTY, m 


3° 4 


my» My » Ma » my» and NXENTY are as defined in TURN PROGRAM OFF, 
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DECLARATIONS 


A declaration describes certain properties of a FORTRAN program, as 
opposed to the imperative assignment, control or input-output statements. 
Several FORTRAN statements are reserved for the purpose of supplying 

the system with declarative information, These statements are primarily 
concerned with the interpretation of identifiers occurring in the source 
program and with memory allocation in the obiect program. 


CLASSIFICATION OF IDENTIFIERS 


Each identifier in a source program is classified in accordance with the 
FORTRAN element it identifies, Four main classifications are recognized: 


. Scalar identifiers 

. Array identifiers 

Subprogram identifiers 

. Dummy identifiers 

- Single bit arrays identifiers 


MW &WN Ee 


The classification is made according to the context in which the identifier 
makes its first physical appearance in the source program, This first 
appearance amounts to a declaration, explicit or implicit, of the proper 
interpretation of the identifier throughout the program. 


MODE DECLARATIONS 


In addition to being classified, each identifier appearing in a FORTRAN 
program is of mode integer or real. The statements INTEGER and REAL are 
used to specify identifer modes explicitly. An identifier may appear in 
only one of these statements and this appearance must precede the use of 
the identifier in any non-declarative statement. 


Identifiers whose mode is not explicitly declared are assigned modes 
implicitly according to the following convention, 


1, Identifiers beginning with I, J, K, L, M or N are assigned integer 
mode . 


2. Identifiers not included in the abowe classification are assigned real 
mode , 
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INTEGER STATEMENT 
Form: INTEGER identifier, identifier,..., identifier 


This statement declares the listed identifiers to be SBESECE each of 
them will be assigned to a single word. 


Examp le ; 
INTEGER PHI, KAPPA, SIGMA 


Notice that KAPPA need not appear in this statement since it would be 
declared integer mode implicitly. 


REAL STATEMENT 
Form: REAL identifier, identifier,..., identifier 


This statement declares the listed identifiers to be real mode; each of 
them will be assigned to two words. 


Example: 
REAL FORCE, MASS, LOG 


Notice that FORCE need not appear in this statement since it would be 
declared real mode implicitly. 


DIMENSION STATEMENT 


The DIMENSION statement declares an identifier to be an array identifier, 
and also specifies the number and limits of the array subscripts. Any 
number of arrays may be declared in a single DIMENSION statement. 


Information provided by a DIMENSION statement is required for the allocation 
of storage for arrays. Each array variable appearing in a program must 
be previously declared as an element of an array in a DIMENSION statement. 
Each array variable must have the same number of subscripts as were 
declared for the array, and the value of each subscript must lie within the 
limits specified by the DIMENSION statement. 

Form: DIMENSION S 


s S 


1° es k 


when S is an array specification. 
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Each array specification gives the array names and the minimum and 
maximum values that each of its subscripts may assume, The minimum and 
maximum values for each subscript must be given as signed or unsigned 
integer constants with the maximum value greater than the minimum value. 
An array identifier may have any number of subscripts. 


Two forms for specification of the maximum and minimum subscript values 
are recognized: 


identifier (min, /max ere 

identifier (maxy smax,,.-+). 
In the latter form, a minimum value of one is implied, i.e., the latter 
specification is equivalent to 
be 


identifier (1/max,, 1/max 


1° yeas 


The two forms are syntactically independent and may, therefore, both 
occur as different subscript limit specifications in the array speci- 
fication. 


Example ; 


DIMENSION X(10), Y(-1/5,20), Z2(-3/-1,2,0/3,5,2) 


SUBPROGRAM DEFINITION STATEMENTS 


The two types of subprograms which may be called, or referred to by 
a FORTRAN program are classified as external or internal subprograms. 


Internal subprograms are defined within the program that calls them, 

and are defined within a single statement known as an arithmetic function 
definition statement. Internal subprograms may be used only within the 
program containing their definition. External subprograms are defined 
separately from (externally to) the program calling them. They are 
complete autonomous FORTRAN programs within themselves, and as such are 
compiled independently. There are two types of external FORTRAN sub- 
programs which may be declared: FUNCTION subprograms and SUBROUTINE sub-= 
programs, both of which are described below. Any subprogram. whether 
internal or external may call other subprograms; however, recursion is not 
allowed. All subprograms constitute closed subroutines, i.e., they appear 


only once in the object program regardless of the number of times they are 
called. 
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DUMMY IDENTIFIERS 


A subprogram definition statement declares those identifiers appearing 

as arguments of the subprogram to be dummies. They are used as ordinary 
identifiers within the subprogram definition and indicate the mode and 
use of the arguments. Dummy identifiers are replaced by actual arguments 
when the subprogram is executed, 


ARITHMETIC FUNCTION DEFINITION STATEMENT 
Form: identifier(identifier, identifier,..., identifier) = expression 


This statement completely defines an internal subprogram. The first 
identifier is the name of the subprogram being defined. 


Arithmetic function subprograms are functions; i.e., they are single valued 
and must have at least one argument. The mode of the function is deter-~- 
mined by the mode of the function identifier. 


The identifiers enclosed in parentheses represent the arguments of the 
function. These so-called dummy identifiers have meaning and must be 
unique only within the defining statement. They may in fact be identical 
to identifiers appearing elsewhere in the program. They must agree in 
order, number, and mode with the actual arguments given at execution time. 


The use of an argument within the definition statement is specified by 
the use of its dummy identifier. Expressions are the only permissible 
arguments for internally defined functions, therefore, dummy identifiers 
may appear only as scalar variables in the defining expression. The use 
of an array identifier or a subprogram identifier is not allowed. 


Identifiers appearing in the definition statements which do not represent 
arguments are treated as ordinary variables. In addition, external 
functions or other previously defined internal functions may appear in 
the definition statement. 


Examples: 


F(X,Y) = (X+Y)*(X-Y) 
SINH(ZETA) = (EXP(ZETA/B) -EXP( -ZETA/B))/2 
Q(X,Y,Z) = F(X,Y)/SINH(Z) 


In the second example above, ZETA is a dummy identifier and B is an ordinary 
identifier. At execution time the function will be evaluated using the 
current value of B. The third example is allowable if the first and 

second definitions precede it in the program. 
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If the accompanying source program contained the statement 
¥ = A*STINH(ALPHA). 


The arithmetic function defining SINH would be evaluated using the 
current value of ALPHA as its argument, The result wovld be multiplied 
by A and the product assigned as the value of the variable Y. 


All internal subprogram definitions of any FORTRAN II program must. 
precede the first non-declarative statement of the program. 


FUNCTION SUBPROGRAMS 


Like the Arithmetic Funcrion Definition Statement, the FUNCTION sub- 
program is also a function, is single valued. and is referenced as a 
basic element in an expression. FUNCTION subprograms may be used when 
more than one FORTRAN statement is needed to define the functional 
relationship. In order to logically separate a FUNCTION subprogram 
from the calling programs, the subprogram always begins with a FUNCTION 
declaration, ends with an END statement, and returns control to the 
main program via the RETURN statement. 


FUNCTION STATEMENT 


Forms : 
FUNCTION identifier (identifier, identifier,..., identifier) 
REAL FUNCTION identifier (identifier, identifier,.... identifier) 


INTEGER FUNCTION identifier (identifier, identifier,..., identifier) 


This statement declares the following program to be a function sub= 
program, The first identifier is the name of the subprogram being 
defined. This identifier must appear as a scalar variable and is assigned 
the value of the function resulting from execction of the subprogram. The 
function mode is declared implicitly by the inicial letter of the function 
name, or may be declared explicitly by using che second or third forms 

of the FUNCTION statement. 


Those identifiers appearing in the list enclosed by parentheses are 

dummy identifiers which represent the function arg.ements, and must 

agree in number, order, and mode with the actual arguments given at. 
execution time, These arguments may be array names as well as expressions. 
Therefore, the dummy identifiers may appear as array identifiers or scalar 
identifiers. A FUNCTION statement must have at least one argument. Dummy 
identifiers representing array names must appear in a DIMENSION statement 
in the FUNCTION subprogram as well as the calling program, and must 

agree with the specification of the arrays in the calling program. 


oh. Q= 


Examples: 


FUNCTION SEARCH (LIST,ALPHA) 
REAL FUNCTION INDEX (A1,B2,C3) 
INTEGER FUNCTION DELTA (ARG1,ARG2) 


SUBROUTINE SUBPROGRAMS 


The SUBROUTINE subprogram is not a function in that it may be multi- 
valued and is referred to only by the CALL statement. The SUBROUTINE 
subprogram begins with the SUBROUTINE declaration, ends with an END 
statement, and returns control to the calling program via the RETURN 
statement. 


SUBROUTINE STATEMENT 
Form: SUBROUTINE identifier (identifier,identifier,...,identifier) 


This statement declares the following program to be a SUBROUTINE 
subprogram. The first identifier is the name of the subroutine. Those 
identifiers appearing in the list enclosed in parentheses are dummy 
identifiers which represent the subprogram arguments. As in the FUNC- 
TION statement, these arguments may be scalar or array identifiers. 


Dummy identifiers representing array names must be declared in a 
DIMENSION statement within the subprogram and must agree with the speci- 
fications of corresponding arrays specified in the program containing the 
CALL statement. 


Contrary to the FUNCTION and Arithmetic Function Definition Statements, 
the result of a SUBROUTINE subprogram is not necessarily a single value 
and the value of the name of the subprogram may or may not (depending on 
the subprogram) be meaningful. Instead,specific results are normally 
returned as values of variables in the argument list. 


A SUBROUTINE subprogram does not necessarily require arguments; in the 
absence of an argument list no results can be returned via the arguments. 


Examples: 


SUBROUTINE BURST 
SUBROUTINE FACTOR (COEF1,COEF2,ROOT) 
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IMPLICIT DECLARATION OF IDENTIFIERS | 

Identifiers appearing in declaration statements such as DIMENSION, FUNCTION, 
SUBROUTINE, etc., are explicitly classified by their appearance in that 
statement. If the first appearance of an identifier is in an imperative 
statement rather than a declarative statement, the identifier is classified 
implicitly according to its context, 


For example, in 
DIMENSION ALPHA (5,10) 


the identifier ALPHA is explicitly declared to be a two-dimensional 
array. Similarly 


FUNCTION ALPHA (X,Y) 


explicitly declares ALPHA to be a single-valued function with arguments 
X and Y. Conversely, 


ALPHA (X,Y) = 2*X+Y 


implicitly declares the identifier ALPHA to be an internal subprogram 
because it appears in an arithmetic function definition statement. Note 
also in the three previous examples that in the absence of declarative 
statements to the contrary, ALPHA is implicitly declared to be the 
identifier of a real quantity. As a further example note that in the 
statement 


SUBROUTINE ALPHA (X,Y) 


ALPHA is explicitly declared to be the name of a subprogram with arguments 
represented by dummy identifiers X and Y. 


However, if the expression 

ALGFNC + ALPHA (A,B)+2/3 
has not been preceded in a program by any of the four previously mentioned 
declaration statements, ALPHA will be implicitly declared to be an external 


subprogram whose presence will be mandatory at runtime for execution of 
the object program. 
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MEMORY ALLOCATION 


Memory allocation statements are used to supply the system with supplemental 
information regarding the storage of variables and arrays; and when the 
program is to be subordinate to a real-time system, to supply memory 
assignment of the program in bulk memory and specify coincident cross-= 
references as may be rmecessary. 


DEFINE STATEMENT 
Form: DEF INE identifier, (symbolic), identifier, (symbolic), ... 


The DEFINE statement provides a method of incorporating uniform reference 
to variables which are to be part of a "permanent memory space" in an 
overall system. 


The identifiers occurring in the list may be array or scalar identifiers, 
or subprogram names. The symbolics enclosed within the parentheses may 
be PAL symbolic expressions to which the preceding identifier will be 
equated by the compiler. 


Identifiers appearing in DEFINE statements are assumed to have space 
allocated by the overall system and are not, therefore, assigned space 


by the memory allocation section of the compiler. 


The temporary storage area created by the compiler is named STEMP, It 
can be assigned to permanent memory by naming it in the DEFINE Statement. 


Example : 
DEFINE X(VO1T25), SQRTF(/3000), $TEMP(/4020), COMMON(/3127) 

COMMON STATEMENT 

Form: COMMON identifier, identifier,...,identifier 
Within the space allocated by the overall system as "permanent memory", 
a section is set aside with the symbolic label of the first locations 
as "Common". For this purpose, the symbol, COMMON, is reserved in both 
the FORTRAN and PAL languages and is used solely for reference to this 
specially named section of memory. 
The identifiers in the COMMON statement may be either array or scalar 


names provided that the array names also appear in a DIMENSION statement 
in the same program. 


hae 


During allocation, each variable to be allocated in COMMON is assigned the 
next block (one word for scalars, array size for arrays) relative to the 
previous allocation with the first such allocation being a simple equation 
to the symbol, "COMMON". , 


Examp le : 
COMMON SCALAR, J, ARRAY, A 
In the above example, suppose that SCALAR and J are scalars and that ARRAY 
and A are dimensioned elsewhere as ARRAY (-1/3,5) and A(€100). The resultant 
equations to COMMON would be: 


SCALAR EQL COMMON 


J EQL COMMON + 2 
ARRAY FEQL COMMON + 3 
A EQL COMMON + 53 


In view of the implicit property of the symbol, COMMON, as a member of 
the same space as that referrred to by the DEFINE statement, the above 
equations to COMMON can be seen as equivalent to those which would be 

produced by 


DEFINE SCALAR (COMMON), J(COMMON +2), 
ARRAY (COMMON + 3), A€COMMON +53) 


EQUIVALENCE STATEMENT 


The EQUIVALENCE statement allows more than one identifier to represent 
the same quantity. 


R) 


Form: EQUIVALENCE (Ry:Ry.-+-sR_),(R, oR poe 0 oR, 


where R denotes a location reference. 


The location references of an FQUIVALENCE statement may be simple scalar 

or array identifiers, or may be identifiers appended by an integer constant 
enclosed in parentheses. All location references enclosed within the 

same parenthetical expression share the same storage location. Such a 
group is known as an equivalence set, For example, 


EQUIVALENCE (BLACK WHITE) 


states that the identifiers BLACK and WHITE refer to the same storage 
location. 
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To refer to a specific location in an array, that location must be 
appended to an array identifier as an integer constant. For example, 
if A is a scalar variable and B is an array the statement 


EQUIVALENCE (A,B(5)) 


specifies that A and the fifth location of the array B share the same 
storage Location. 


To refer to a specific quantity in a multiply dimensioned array, the 
location of that quantity must first be calculated. As an example, 
consider the three dimensional array specified by 


DIMENSION CUBE (L,/U,; L,/U,; L,/U,) 
where Lu. and U, denote the lower and upper limits of the i th sub- 
script. To calculate the location of 


CUBE (K, »K, 0K) 
use the formula 


LOCATION = (U 


-L,t1)(U, -L,+1)(K,-L, )+(U, -L,+1 
y ae as "ie | 


2 


Therefore the statements 


DIMENSION SPACE (12), VOLUME (2,2,2) 
EQUIVALENCE (SPACE(3), VOLUME (7)) 


specifies that the quantities SPACE (3) and VOLUME (1,2,2) will share 
the same storage location. Notice that only the relative location of 
the quantities within the array matters, since the entire array is 
adjusted to satisy the EQUIVALENCE statement. in the example above, 
the statement 


EQUIVALENCE (SPACE(1), VOLUME (5)) 
would have had the same effect as 
EQUIVALENCE (SPACE(3), VOLUME (7)) 


Where the location of a variable is known relative to a second variable, 
this location may be specified by appending an integer constant to the 
identifier of the second variable. The integer to be used is determined 
by considering the sequence of quantities as an unidimensional array. 
For example, if we have in storage at 


LOCATION 
Ll: ALEPH 
L2:; BETH 
L3: GIMEL 
L4: DALETH 


the statement 
EQUIVALENCE (GAMMA, ALEPH(3)) 
will specify that GAMMA and GIMEL refer to the same storage location. 
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Note that the property of equivalence is transitive; the statement 
EQUIVALENCE (X,Y), (¥,2Z) 
has the same effect as 


EQUIVALENCE (X,Y,Z) 


JOINT DEFINE, COMMON AND EQUIVALANCE RULES 


In the event that identifiers appear mutually in DEFINE, COMMON and/or 
EQUIVALENCE statements, the DEFINE statement takes precedence followed 
by the COMMON statement. 


All equivalences to DEFINE and COMMON variables are equated off, i.e., 
removed from the remaining equivalence sets and entered in the object 
code as equations to symbols occurring in DEFINE statements or to the 
symbol, COMMON. 


BEGIN PROGRAM AT STATEMENT 
Form: BEGIN PROGRAM AT n 


where n is a PAL symbolic specifying the location in bulk memory into 
which the ensuing program is to be loaded. 


SEGMENT STATEMENT 


Form: SEGMENT 2, Myo Mos My5 NXENTY, m 


Zz hs, 


where n is the MONITOR recognized program number of the following segment. 
This statement is used to break a large program into a number of smaller 
segments. 


In addition to segmentation by turning "off" and turning the next part 
(segment) "on", the SEGMENT statement causes the execution (at compile 
time) of a FORTRAN "END". This exevction allocates storage. published 
errors and removes all known names and labels from the tables before 
proceeding to the next job. Therefore, the only information carried 
forward to the next "segment" will be the relative location in bulk memory. 
Care must be taken to assure that variables which are common to segments 


are declared in each segment by "COMMON" or "DEFINE" statements. 


DIAGNOSTICS 


STATEMENT DIAGNOSTICS 


Statements which violate the syntax or semantic rules of the FORTRAN 
language are detected during compilation and are discarded. An error 
message is printed on the line printer and compilation proceeds as if the 
erroneous statement had never been encountered. The error message consists 
of the statement in the form in which it entered the computer; then one 
character of the statement is indicated by a dollar sign, "$", printed 
beneath it. For example, in 


13 FUNC = 2*X+Y*+A 
$ 


$ 
The character "+" is marked as an error. In the case of syntax errors, 
the marked character itself is unacceptable as in the above example. 

In the case ef a semantic error, an identifier or other construct is 
being improperly used, and the dollar sign indicates the last character 
of the construction. For instance, in the statement 


ASUM = PART#*344 
$ 


the dollar sign would indicate that the identifier PART is being used 
incorrectly; e.g., PART may be the name of a subprogram. 


The compiler will try all possible legal interpretations of a statement 
before finally discarding it. The dollar sign position indicates the 
greatest amount of correct information, starting from the left, that was 
‘found under any assumption about the scatement. 


A comment indicating the reason for the error is then printed at the left 
margin after the marked line. These comments are as follows: 


SYNTAX 


This comment usually occurs because of erroneous punctuation or illegally 
constructed arithmetic expressions. 


NUMBER. 


A constant, label, or input-output symbolic unit number is too large or 
is incorrectly constructed. 


hy 


ID DECLARATION 


The identifier indicated is being used in a manner contradictory to a 
previous declaration. 


SUBSCRIPTS 
There are too many subscripts, an expression describing a subscript 
is incorrectly constructed, or the number of subscripts used in an array 
variable does not agree with the number declared in the DIMENSION statement. 


ALLOCATION 


1. A negative or zero array size was specified in a DIMENSION 
statement. 


2, The rules of COMMON or EQUIVALENCE have been violated. In either 
statement the identifier causing the violation is marked. 


PROGRAM OVERFLOW 
The working core storage available to the compiler has been exceeded. 
ARGUMENTS 
A FORTRAN reserved function has been employed with the wrong form and/ 
or number of arguments. 
PROGRAM DIAGNOSTICS 
Comments concerning labeling and allocation errors are listed at the end 
of compilation. The label errors comment is followed by a list of state- 
ment labels, and the allocation errors comment by a list of the offending 
identifiers. 


LABEL ERRORS 


1. The following statement numbers were used in control instructions 
within the program but referred to an unnumbered statement. 


2. Two or more statements have the same label. 
3. The statement closing a DO loop was never reached. 
4. The final statement in the range of a DO loop was a transfer statement. 


5. The DO loop was illegally nested. 
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ALLOCATION ERRORS 
The identifiers that follow this error message violate DEFINE, COMMON 


and/or EQUIVALENCE rules, such as the use of a function or subroutine name 
as the name of a variable in either a COMMON or EQUIVALENCE statement. 
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APPENDIX A 


SUMMARY OF GE/PAC FORTRAN STATEMENTS 


COMPUTATION 


ARITHMETIC ASSINGMENT STATEMENT 
SET BIT 
RESET BIT 


CONTROL 


UNCONDITIONAL GO TO 
COMPUTED GO TO 
ASSIGNED GO TO 
ASSIGN 

IF 

IF BIT 

IF SENSE SWITCH 

IF ACCOMULATOR OVERFLOW 
DO 

CONTINUE 

CALL 

RETURN 

STOP 

END 


INPUT-OUTPUT 


READ 

PRINT 
PUNCH 

IF READ 

IF PRINT 
IF PUNCH 
FORMAT 
READ DRUM 
WRITE DRUM 


COMMUNICATION WITH REAL-TIME MONITOR 


TURN PROGRAM ON 
TURN PROGRAM OFF 
DELAY PROGRAM 


DECLARATIONS 


INTEGER 

REAL 

DIMENS LON 
ARITHMETIC FUNCTION DEFINITION STATEMENT 
FUNCTION 
SUBROUTINE 

REAL FUNCTION 
INTEGER FUNCTION 
DEF INE 

COMMON 
EQUIVALENCE 
BEGIN PROGRAM AT 
SEGMENT 
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GE PAC 4000 Double-Word Fortran Reference Manual 
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Corrective Action Diagnostic Program , 
Initialization Routine , a, aS Re Ae a Ge ee 
On-Line Operator Program (Console Switches). 


1.29.1 Memory Change 

1.29.2 Loader 

1.29.3 Dump 

1.29.4 Clock 

1.29.5 Program Status 

1.29.6 Peripheral in/Out of Service 
1.29.7 Paper Tape Duplicator 
1.29.8 Extract Load Tape 
1.29.9 PAL GE/PAC Assembler 
1.29.10 Demand Scan 

1.29.11 Controller Change 


On-Line Operator System (1/0 Typer). 
1.30.1 Memory Change 

1.30.2 Loader 

1,330.3 Dump 


Find/Restore Working Core Area Subroutines . . 
Run, Stop, System Subroutine .... 5. . 


APPENDIX A ~ Monitor Pseudo-Ops 
APPENDIX B ~ Communication Calls 
APPENDIX C = Symbols 
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INTRODUCTION 


The GE/PAC MONITOR Training Manual presents ways of using the 
Monitor System on the GE/PAC 4000 Process Automation Computers. 


This manual has been designed especially for the Monitor user. 
It tells him what Monitor does and what he must do in order to 
use it. The individual subprograms which make up the Monitor 
System are discussed. The communication links which must be 
included in the functional programs in order to communicate 
with Monitor are also given. A detailed analysis of the Monitor 
logic is reserved for the program write-ups and is not included 
in this manual. 


The reader is expected to be familiar with real-time system 
requirements. He should also know GE/FAC programming techni - 
gues and the PAL Assembly Language. 


GENERAL 


A real-time process is characterized by the occurrence of many 
events, some continuous, others random in nature. Events may 
occur simultaneously A digital computer, however, is a serial 
device; that is, it performs its program operations serially, 
one by one. Therefore, the matching of the digital computer 
and a real-time process reguires a control system which co- 
ordinates the requirements and characteristics of both. 


A GE/PAC Monitor is an operating system composed of a library 
of subprograms which provide the basis for a process computer 
system. It is the framework to which the specific functional 
programs are added. The Monitor accomplishes the timing and 
scheduling operations, input/owtput, internal data transfer, 
timed contact, multiple output, corrective action, initializa-~- 
tion, etc. Many options are available which may or may not 

be included in a tailored Monitor System. 


The user requests a tailored Monitor by checking the desired 
options on the Monitor Checklist. The Checklist is obtained 
from the Programming Librarian. 


GE/PAC MONITOR INTERRUPTS 


ECHO 


TIME COUNELNG 
& DIAGNOSTIC 
COUNT DOWN 


DRUM/DISC XFER | 
| COMPLETE 


DRUM/DISC XFER 
DRIVER 


SCAN 
COMPLETE 


SCAN 
DRIVER 


MULTIPLE 
| OUTPUT 
COMPLETE 


M.O. 
DRIVER 


INPUT /OUTPUT 


I/O BUFFER 
1 DRIVER 


READY 


OTHER 
SYSTEM 
INTERRUPT 


DRIVER 


FUNCTION 


EXECUTIVE 
CONTROL 
PROGRAM 


RESTORE 
REGISTERS 


RETURN 
TO 
INTERRUPTED 
PROGRAM 


FUNCTION 


i SYSTEM DESCRIPTION 


Monitor consists of the component programs, as described 
below, 


1.1 Executive Control Frogram (ECP?) 


The Executive Control Pregram schedules the execution of 
programs based on priority, execurion time, and core 
availability. Ail time-critical interrupts are permitted 
before system programs are executed, 


System programs are executed in priority order by comparing 
the programs’ next execution time (PROG ) with the current 
time (TIME). The highest priority program for which the 
execution time is equal to or less than the current time is 
executed. When the execution time is current for a program, 
the ECP requests a transfer from drum or disc tc core pro- 
viding: 


1. The program is not in ¢ere 
2. The program is not presently being transferred. 
3. A core area is available. 


After the transfer has been completed, the program is 
initiated. If there is no available core area for that 
program, ECP tests the execution time for the next lower 
priority program. 


If a program has a "turned off" or "locked out" code in its 
PR@G location, if is not executed until a time for exe~ 
cution is assigned. 


In the AU2, there are three classifications of register 
storage for functional programs. They are: 


1. Programs which have ne register storage of their own. 

2. Programs which have their own 8-word block of 
register storage, 

3. Programs which share an 8-word block of register 
storage with other functional programs. 


The Register Pointer Table (RSX) tells what classification 
is assigned for each program and contains the following 
information: 


Note; All programs in the AUi have cheir own 8-word 
block of register storage, The RSX Table is eliminated 
when all AU2 system programs have their own 8-word register 
storage block, 


lel 


Register Pointer Table (AU2 Only) 


This table contains an index to the 8-word storage block for programs 
having full register storage or sharing storage. For programs with 
no register storage, the table contains the flip-flop status and the 
program's next entry location. 


23 22 21:20 19 18 17:16 15 0 


hrc Se el et 


[N] [Next Enccy Lec. | 


ea ere ranean semereente mann eetnataesinnenatn neve meet earettint eiAten RAN ae AOR ment 


aceon ee 


mere nent inert tmeeenenentatettartnnsannr meaeesne mserne| 


FT RUN[ [Next Entry Loc. 


0 = No Register Storage 
1 = Register Storage 


OQ = Return to program after ITC Timer or Drum/Disc 
Transfer Complete Interrupts 

1 = Return to ECP after ITC Timer or Drum/Disc. 
Transfer Complete Interrupts 


For programs sharing full register storage, the index would 
be the same. 


Register Storage Table (REGSTG) ‘stored in permanent core.. 


23 22 21 201918 17 1615. _ ee 0 
AREG ine —__—-|\ 
QREG Pen 
*PREG amie 
X3REG ; rrogran| 
X4REG ake 


X5SREG 
X6REG 
X7REG 


AREG+32 


ee { 
[- Fourth 8-Word Block of Register Storage | a 
‘Mea RMS 32 | ———---—-~ -- —-—-- —~- - ne eee eee ee ora 


ent a emer mmmmeneee ye sume ae . ~ 


A-REG+56 -————_—______—______-__ - 
Seventh 8-Word Block of Register sronave eee 


MIRGOLS6: 2s iets ten los wh. ~psltelieS at ements neaetll 


*PREG eal Flops 

= 1 =- Set Overflow; O - Reset 

= Set Permit Interrupt; 0 ~ Reset 

- Set Test Flip-Flop; 0 - Reset 

- Set Memory Fence; 0 ~ Reset (AU2) 

Absolute Permanent Core Location 

~ Relative Address (Drum/Core) 

or an all-core system, R is always zero. 

~ Negative Relative Entry Address (Bits 0-15) 
Positive Relative Entry Address (Bits 0-15) 
er an all-core system, N is always zero. 
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The other tables assisting the ECP in performing its functions are: 


PROG - Program Execution Time Table 


TIME {00001433 


Program # 
1 PROG PROGRAM OFF 
2 PROGRAM CURRENTLY RUNNING 
3 PROGRAM DELAYED 
4 LOCKED GaT 
5 OFF 
6 OFF 
7 PROGRAM ON (Based on event) 


Drum Transfer Control Table 


23 22 21 20191817 15 13 0 


DRMLGC | O| BEGINNING DRUM/DISC ADDRESS _ ae 
Program | | INDEX TO | NUMBER OF WORDS IN 
No. O SIZE T!| N}| Sj 3-WORD GROUP PROGRAM 
Transfer IN SAVE TABLE | (SAVED BLOCK NOT 
Group - SSeS Ree a _INCLUDED) 


CORLOC BEGINNING CORE ADDRESS | 
DRMLOC +3 TT 
SIZE+3 Drum Transfer Control 


Group for Program #1 


CORLGC +3 ee 
Drum Transfer Control Group yy 
> for Program #n i 
CORLOC+3n {| LA a AS re | 


A ~ Area Availability on Entry From ECP 

= Availabie, 0 = Unavailable 

= Program is in core 

Program is net in core 

Program is in transfer from drum/core 

Program is not in transfer 

Program is running with core area available 

= Program is running with core area unavailable 
= Save temporary storage on drum if overwritten 
= Do net save cemporary storage 
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The Save Status Area Control Tabie is used for programs requiring 
temporary storage to be saved in an unprotected area on drum before over~ 
writing. This feature is called "Save Status". The ECP transfers the 
temporary storage of programs having "Save Status' to drum befcre 
another program is transferred in its place. However, when a functional 
program is turned off, its temporary storage is not automatically saved 
on drum, 


Save: Status is specified in the Drum Transfer Group Table above in 
the SIZE Word, Bit 19. 


SAVTB 


SVSIZ 


SVLOC 


Save Status Area Control Table 


L 23 22 15__ 13 
BEGINNING DRUM OR DISC ADDRESS FOR 
SAVED AREA 


NUMBER OF WORDS IN SAVED 
BLOCK AT END OF PROGRAM 


E 
BEGINNING CORE ADDRESS 


ECP Drum/Core Communications 


‘ ‘\ 


#5 


xX 
#3 \ 
| 


DRUM/CORE LOCATION TABLE 
(Permanent Core) 


CURRENTLY 
UNUSED 


PERMANENT "WORKING 
CORE CORE 


Overwriting 
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ECP Drum/Core Communications 


AVLMAP 
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Time and Diagnoscic Count Driver (ITC) 


ITC uses two interrupts to control the system timing. The 
first (non-inhibitable) interrupt occurs each 16 2/3 MS. On 
interrupt, a DMT counter is decreased by one. When the 
counter equals minus one, the second (inhibitable) interrupt 
is triggered, 


The second interrupt causes entry to ITC. The DMT Counter 

is initialized by storing the number of 16 2/3 MS intervals 

in a time count. This nmunber, NCYCLE, must. be evenly divis~ 
ible into sixty and is specified by the System Programmer at 
assembly time. NCYCLE determines the length of time represent- 
ed by one time count (1 second, 1/2 second, 1/4 second, etc.). 
ITC increases the time of day (TIME) by one. The time of day 
is cleared at midnight. [TC also references all program and 
auxiliary time counters at the beginning of each day. Auxiliary 
Time Counters are used by functional programs which are turned 
on by the Monitor Initialize Routine which require initiation 
at set time intervals (1 minute, 2 minutes, etc.). Typical 
programs would be the Scan or Performance Calculations. 


ITC also tests for interript driven device failures on the 
Peripheral Buffer, Output Distribvtor, Scanner, etc. Each 
device is assigned a specified COUNT which is used for count- 
ing the time required for activating a particular device. This 
location (COUNT) represents the maximum number of time count 
intervals in which action should be compleced. if a COUNT 
becomes negative, the device has failed and the Corrective 
Action Program is turnei on. 


When an interrupt. occurs during the execution of an inter-~ 
ruptable system subroctine. ITC returns immediately to the 
interrupted subroutine. 


Itc returns control to the interrupted program or to the 


ECP depending on the indicator set. in the Register Storage 
Table (RSX). 
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1.4 


Save Registers Subroutine (SRG) 


SRG saves the register contents and/or next entry location for 
a functional program, For functional programs having full 
register storage or sharing register storage, the P Counter, 
A, Q, and X3 through X7 Registers for the interrupted program 
are transferred to the Register Storage Table. Otherwise, 
only the mext entry point to the functional program is saved. 


Restore Registers Subroutine (RRG) 


RRG returns to an interrupted program at the designated entry 
point, The contents of register storage are transferred to 
the register locations for programs having full register 
storage. These values represent the contents of the various 
registers for the running program at the time of its last 
interrupt . 
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Turn Program Off Subroutine (OFF) 


The Turn Program Off Subroutine stops the ECP from 
initiating the execution of functional programs. Programs 
are turned off by placing the “off" constant, 40000000,, as 
the next execution time. Only a running program may ttrn 
itself off. 


After the “off" constant is stored, control is transferred 
to the ECP. 


To communicate with @FF, use the following calling sequence: 


SPB @FECOI__,, 
PRG 0,1,0,START ,O~¥29 — 


may | \\ aoe 
Reset 
Memory Fence 
x Reset (AU2 only) 


Set Permit 
Interrupt Test 


Flip-Fiop \ 
Reset ‘ 


\ 


| 
| 


10004640 ;Next 
Must be relative i , Entry 
to start or zero. tLoc . 
1 
Sane 
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Set Program Delay Subroutine (DEL) 


DEL delays the execution of a functional program for a 
specified time period, The delay, in time counts, is 
added to the current time and stored in PROG for the 
calling function. 


The A, Q and X3 through X7 Registers are saved for those 


programs having register storage. 
To set a delay, use the following calling sequence: 


System Clock 


SPB DELCO] TIME [00000600 
DEL 0,3*SECND # of Secs, 
Return from ECP 600 
| +14 
614, 
0 = Area is set unavailable he Clock for all Programs 
during delay PROG {40000000 


(1 = Area available) 
(Program 3) 


The above example shows a 1/4 second system. 


Turn Program on Subroutine (TPN) 


The Turn Program On Subroutine is used to change the 
execution time of functional programs. The execution time 
and the program number are given in the calling sequence. 


After the new execution time is stored for a ‘program, 
control is returned to the calling function. 


Programs which are "locked out", next time of execution 
40000001, , may not be turned on by TPN. 


Clock for all Programs 
40000000 


TOR RU Ot 


40000001 


TURN PROGRAM 3 ON (Program 3) 


0000000 | 00000631 
LDZ 00014200 | 
SPB TPNCO1 | 40000000 | 
CON G,HLOG [40000000 | 
RETURN | 40000000 | 
HL@G EQL 3 h 


\ 


\ 


TO TURN A PROGRAM ON ONLY fF ET iS CURRENTLY OFF 


LDA Execution Time or LDZ \ 


SPB TPNCO2 \ 
CON G,HSCAN 
RETURN 
HSCAN EQL 8 


Program 8 is turned on. 


TPN returns with all ones in the A-Register when a request 
is made to turn a program on which is "locked out", 
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1.8 Map Maintenance Subrovtine (MAP) 

MAP is used to uprate che core map tables (CORMAP and AVLMAP). 
Core areas may be set occupied, unoccupied, available, or 
unavailable: 


SPB MAPO1L - Set Area Uccupied or 
SPB MAPO2 ~ Set Area Uncccupied or 
SPB MAPO3 - 3et Area Unavailable or 
SPE MAPO4 » 3Set Area Available 
Return £9) the calling program 


Occupied Core Area Map Table 


C@RMAP 3 22 21 
0 0 l 
QO 1 ii 
0 0 0 
rr oes 
In this table, “one'' bits indicate that the core area represented is 
occupied by a functional program whether its area is available or not. 
Available Core Area Map Table 
AVLMAP 
AVLMAP 23 22 21 20 19 18 17 16 15 14 13 12 1110 9 8 7 6 5 4 
O20 Te Ee ek ot Dd DO. 0 0... 0) 20.0 
ee eee Soe See ee ae a ae a ee ae oe ee 
0 0 0 0 ¢ 0 G6 0 0 9 0 0 0 0 00 C0 0 0 0 
111i | Sige oe ees © Sere Se as Ae eee es RN Cee ee ee a 


In this tatle, "one" bits indicate that the core area is unavailable 
for overwr.ting. 


Each bit represents ae words of working core area, For example, if 
k = 5, each bit represents 32 words of core. The working core area 
starts at fixed location such as 12000. . 


In our evample, 5 programs are in core occupying areas: 


12006g © 123378 (word 1, bits 0 - 6) 

125403 + 132772 (word 1, bits 11 + 21) 
13000g ~ 14737, (word 2, bircs 4 + 22) 
16500. “173379 (word 4, bits 2 »- 14) 
17400, ~ 177779 (word 4, bits 16 - 23) 


NOTE: The program in core area 12000, - 123378 is running with its 
core area available. 


The beginning of the map table is the upper right hand bit 
of the table and the end is the lower left hand bit. 


1.9 Drum/Dise Transfer Request Subroutine (DTR) 


DIR requests transfers between drum or disc and core memory. The 
cere address of the 3-word cransfer command and the pregram number 
ave stored in the Driver Table PYR may return to the 

calling program immediately after the request is stored 

or after the completion of the actual transfer. 


To return to the calling program immediately after the 
request is stored in the Driver Table, 


Direction of transfer 


1 = core to drum 
D0 = drum to core 
SPB DTRCOL 
LDK DRMXFR_ (May be Indexed) KL 
Error Return (Table Full) 2322. 16 45 14 0 


Normal Retur Drum Address _ 
# of Words 


Core Address 


DRMXFR = Address of Three-Word 
Transfer Command 
DEL D,Drum Address 
CON G,Number of Words 
LDA Symbolic Core Address 


DRIVER TABLE 


The core address of the 3-word 

transfer command and the transfer 
direction are stored as one word 
in the Driver Table. The second 
word in the Driver Table contains 


1 em enidanee ectnipinnssniinntin iedenlienes ednediinsidd semidimnial 


DRMXFR the program numper and the drum/core 


number (3Xn). 


To return to the calling program after the requested 
transfer has been completed, 


SPB DTRCO2 

LDK DRMXFR (May be Indexed) 
Error Return (Driver Table Full) 
Normal Return 
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Drum/Disc Transfer Driver (DID) 


DID initiates transfers between core memory and drum 
or disc. It is entered from the Drum Transfer Complete 
Interrupt. 


Following each interrupt. a transfer is initiated by an 
@UT Drum/Disc Command. Requests from the Scan Driver 

are given priority. Return from DTD is to the interrupted 
program or the ECP. (Refer to 1.2). 


Find Register Pointer Subroutine (FRP) 
FRP determines a program's type of register storage. It 
gives the starting address of the 8-word storage block or 
the next entry address for the specified program. 
LDA Program Number 
SPB FRPCO1 
Returns with the address in the A-Register 


and Test Flip-Flop Status 


The test flip-flop is set if the program has full register 
storage. Otherwise, it is reset. 


See Register Pointer Table under 1.1. 
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Peripheral Availability Subro.tine (PAV) 


The Peripheral Availability Subroutine is used as a 
combination call to check for peripheral availability, 
make an output request, or perform peripheral substitution. 
When a peripheral is not free, appropriate diagnostic 
action is taken or perioheral substitution is made if the 
peripheral is bad or out-or service, 


PAV also provides an optional feature for checking data 
areas, A data area is assigned to each output message 
representing the drum, disc, or permanent core area 
containing the message. When an output request is made 
for availability and the area is available, the area is 
set unavailable and is set free when the last character of 
the output message is completed. 


Data area numbers range fron 1-24. Zero is reserved as a 
dummy area number when availability is not required. Area 
number zero is always considered available. The data 
number is used as a tag to identify a message area, The 
tag may apply to an individual message or a buffer which 
that message occupies. Two messages which share the same 
buffer may not have the same tag. Until the driver removes 
the data tag, no other program can use this tag. 


A peripheral availability call must not occur in a sub- 
routine used by more than one functional program, The 
PAVCOL cail selects an alternate output device when the 
requested device is noc free, 


SPB PAVCOL (Fixed Message Call) 
0, FORMAT 


DEVICE, 
RETURN 


O = Dummy Area Number 


Core Format 
and Data 
Locations 


REASON DEVICE IS 
| Stacking Table Peo 
Device is Bad 
or Out -of Service 


Available 


(aren ara encanto ah ent A OEY AONE ORO CN ee taetN Nae A" pam 


UNAVATLABLE ACT LON 


Delay 1/2 Sec. and try again. 
Request output on alternate 
device. 4 

Bypasses output request. 


No Alternate is 


Lel4 


0, DATA No Test for Data Area Required 
9 


Peripheral Availability (contd.) Message Number 


SPB PAVCO2 ae stacking table and data area 


FOR DEVICE, AREAN@ availability) 


Place the Output 
Data in the Table 


Return is made when the 
area is available and the 
device's stacking table 
is not full. 


SPB PAVCO3 (Requests output and places request in 
SPB gUTCO2 Stacking Table) 
DEL <1, FORMAT 
L <0,DATA 
FOR | DEVICE, AREAN® 
t RETURN 


Drum Core 
Address Address 


To Place a Message at the Top of the Stacking Table 
(Priority Request) 


SPB PAVC04 
DEL 0,F@RMAT 
EL 0,DATA 
FOR AGIYPE, 0«@—— Area Number 
Return 


Device Priority Number 


Core Addresses 
of Format and 
Data Locations 


LGTYPE EQL 2 
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1,13 Output Subroutines (UT) 


@UT is composed of three functions. The @UTCO1 call is 
used to test for peripheral availability and data area 
status, The OUTCO2 (Normal Request) and 6UTCO3 (Priority 
Request.) calls make the output request. The given data 
and format locations are stored in the proper tables and 
the peripheral ALERT bit is set for the Output Program. 


When the output request returns to the "available return" 
(data area and peripheral free), the system program may 
then assemble its data in the data area in preparation 
for the actual output request. Fur every "available 
return", there must be an associated output request. 


Output Requests may be made for the printer, typewriter _ 
(including 1/0), paper tape and card punches, and magnetic 


tape. 


To Test Peripheral Availability and Data Area Status, 


SPB @UTCOL Core 
FAR PEYPER HLAREA Stee Te fetoetate. eee ye ge eons 
/ Unavailable Return ete 
; : MESSAGE 
Available Return ~~ Ss 
Pa vailable Return ee Ng, AREA 
Peripheral el Le eel 
Number E A 


“a 


23 se eee . A-REGISTER oe UNAVAILABLE 


STACK3 CONTENTS 
ra: 


/ STACKING TABLE FULL 


/ -*PERLPHERAL BALLURE * | 
i 2 DEVICE OUT-OF-SERVICE | 
| eet 
| - DATA AREA UNAVAILABLE | 
REQUEST OUTPUT | 
‘SPB @OUTCO2 (Normal Request) 


DEL }0,FORMAT Address of lst Format Word 
DEL] (0, DATA Address of lst Data Word 
FOR] -CTYPER, HLAREA 


Return ~~ 
Data Area No. 3 


Peripheral 
—» Number 


Core Addresses 


HLAREA EQL 3 + 16 


Output Tables 


SPB @UTCO3 (Priority Request) 


DEL O,FORMAT —__ CORE MEMORY 
DEL (0,DATA 
FOR is oe eS ee 3000 
~~ > FORMAT OUTPUT 
FORMATS 
Core 
Addresses 


3600, 


OUTPUT 
DATA 


LIST CONTROL 
LIST CONTROL 


LIST CONTROL 
00004520 
00004600 

00003000 

00003600 


CTYPER EQL 2 


STACKO 


STACK 
STACK2 


Hardware Device 
Address Priority 
for Device y Number , 


DVCODE #0 
#1 
#2 


#3 


60001100 
40001102 


#0 
#1 
#2 
#3 


Alternate Device Table 


Format and data words must be stored on drum or in permanent 
core, Format words and data words are stored in separate tables. 
Addresses given in the $UTCO2 and #UTCO3 calls must be absolute 
symbols. Either common (*) or local absolute (-) may be used. 
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Output Program (I@P) 


Monitor outputs information by using a group of related 
routines and subroutines within the Output Program. The 
Output Program is turned on after receiving an output 
request from the Output Subroutines. 


The stored format word is decoded into separate fields. 
Format words which are stored on drum or disc are trans- 
ferred to an eight-word core buffer for processing. Data 
which is stored on drum or disc is placed in a sixteen- 

word core buffer. Both buffers are within the Output Pro- 
gram’'s temporary storage (save) area. The proper conversion 
routine, as indicated in Bits 23-21, is then entered, Each 
conversion routine is discussed as subcategories of 1.14: 


1.14.1 Binary to Fixed-Point Decimal 

1.14.2 Binary te Four-Bit BCD 

1.14.3 Binary to Six-Bit BCD 

1.14.4 Binary to Non-Edited Character 

1.14.5 Binary to Octal 

1.14.6 Clock Output 

1.14.7 Floating Point to E-Type Floating Point Decimal 
1.14.8 Floating Point to Fixed Point Decimal 


The following subroutines are also contained within the Out- 
put Program to assist in placing the converted information 
in the Driver Table, printing error messages (EEE*,999*, 
000*, *) etc. They are: 


Store Character in Driver Table Subroutine 
Store Error Code in BCD Table Subroutine 
Beild Driver Table Subroutine 

Error Subroutines 

Update Index and Load Data Subroutine 


Error typeouts indicate the following: 


999* » Number too large 
O00* - Number too small | 
FEE* - Incorrect format word 
* - Field size less than three 


The End of Message word is all bits set (77777777)g. 
Every tabie of format words must contain an end word 


which is generated by: 


CON 6,77777777 


The format words shown in the following conversion 

routines include an example of the MONITOR Pseudo-operation. 
These pseudo-op instructions can only be used when assem- 
bling with GE/PAC Monitor or the GE/PAC Monitor EQL tape, 


1.14.1 Binary to Fixed-Point Decimal (DFX41) 
DFX41 converts informacion from binary fixed-point to 
decimal fixed-poinr, Leading zeros are automatically 
suppressed. Numbers exceeding the field size are typed 


as all nines followed by an asterisk. 


Binary to Fixed-Point Decimal 


Pseudo-op Example: 


DFX 


23 21 20 Os es a a + + 


Lo 1 9] 0 0 1 1 ol 0 0 0 0 oO] 0 O 0 1 


SO ~ 
FORMAT TOTAL REPEAT BINARY NUMBER 
WORD WIDTH FACTOR SCALE OF 
oe | FACTOR FRACTIONS Conon 
| | 1 = RED 
I 
| 
| ! 
| ' SIGN 
| 
DEC IMAL 


POINT 


One value, scaled B35, is typed in a ten column field. The 
valves are printed in red with decimal point and four 
fractional digits, The sign is printed if the value is 
negative. 


0 
1.0 0.1.0. 0.0.1. 0.0.0 0.0.0 0.0 .0..0..0 


A a i A LE EAA ARIS RE LCN LC TIT ATCT Ct RTC 


WORD Conversion tc 
Fixed Point Decimal-® - a 25.1328 Red printout 
on ~~ 2 Pa 
Pao 
2 ~~ 
Three spaces meee SES poh ies _ 


precede rhe value 
to make a ten-column 


field. 
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1.14.2 Binary to Four-Bit BCD (FBB41i) 


FRB41 converts binary data, left justified, to six 4-bit 
BCD characters per word. After the conversion, each BCD 
character is stored as one word in the Output Driver Table. 


Binary to Four-Bic BCD 


Caen caneeepenreimencevel dastaaeaagenanen nate wanes a 


Pseudo-op Example: FBB 10,0,6,0,0 


seer 


23 22 21 20 4514 it aN “TSE 
eiaret oTOTETOTH oj OTe] 0) oF OTS ToOToTT 1), 0:0: 010 


ee 0 I 
| ee ee eae : A 
| TOTAL | REPEAT NUMBER = 
WIDTH OF 
FORMAT | ! 
= red OF CHARACTERS COLOR CONTROL 
FIELD 0 = BLACK; 
1 = RED 


DASH CONTROL 
1 = PRINT DASH 


| 


One value, consisting of 6 characters, is typed in black. 


: 


23 22 21 20 19 18 17 1615 1413 12 1110 9 8 7 6 5 4 3 2 =41 


DATA iz | of of i] 1] 0 Li ‘ilofoj of il oli] ol1i[ 1] oj] o[ 1/1] 1 4 


aa area | 


234567 Black printout 


4 blank spaces = ten column field 


Note; If the repeat factor is used, each data word 
must have the same number of characters. 
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1.14.3 Binary to Six-Bit BCD (4 Characters Per Word) 


BCD41 converts binary information to six-bit BCD 
characters. The data word contains six-bit BCD 
characters, left justified. After conversion, each 


word contains four BCD characters. 


Binary to 6-Bit BCD 


Pseudo-op Example: BCD lO. —7"» 


CHARACTERS LEADING 
SPACES 


One carriage return and three 
spaces are made before the BCD 
characters are typed. 


7 ‘ 0 
; 0 0 0 0 1 


# TABS OR 
C/R'S 
INSERTED COLOR 
BEFORE 

LEADING 

SPACES OR * 


‘Codes 01-17, = 1-15 con- 


secutive carriage returns. 
Codes 41-37, = 1-15 


consecutive tabs. 


CON A,9, TAPE FILE (pseudo-op generating data words) 


8 ly 
Data 41[016003]1 00281 1/010 
Words } 2 ClO. 10kio ' 0907 
i 0101/01 0000 


*AU2 Vertical Page Control Codé for Printer 00 
01 

02 

03 

04-07 


77 
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0 
0.10 ml 
1 


ao 0 00 


Alphanumeric 
typeout in red. 
- No Advance 
~ Slew 1 Line (Single Space) 
- Slew 2 Lines (Double Space) 
~ Slew 3 Lines (Triple Space) 
~ Page Control Unique to 
each System 
- Slew to Next Page 


1.14.4 Binary to Non-Edited Cheracter (BCN41) 


BCN4S1 stores characters {one character per word) into the 
Qutput Driver Table with no transformation. One character 

is contained in Bits 23-0 of each data word, right justified. 
The number of filled bits depends on the output device being 
used, The maximum number of non-edited characters permitted 
in one BCGN farmat word is 63. 


Binary to Non-Edited Character 


Fseudo-cp Example: BCN_12 
23 21 20 an 5 14 0 


Format 1 0 1;0 909 1 #1 0 :+90 m NOT USED | 


Word 


No. cf Characters 


Table of 
Characters 
Punches i2 characters with no cransformation. 
CHANNEL DATA FRAMES 
NUMBERS #1 #2 #3 _ #4 = #5 #6 (#7 #8 #9 #10 #11 #12 
Paper 8 0 undreds Pos. 
Tape 7 G OU 0 0} / and Tens Pos. ! 
6 0 ©) 0 0}/ 2nd Tens Pos. : 
5 0 ¢) 0 0 Parity Ind. 
4 0 Q 0 Q Ol] 2nd Tens Pos. 
e000000 e © © @ @ @ re) © r ° ° © Sprocket Feed 
3 G G 0 0 0 lst Units Pos..: 
2 ¢) Cc ) 0 0| \ lst Units Pos.: 
1 0 ; 0 0 Q 0 0 lst Units Pos.) 
Pos. = 
123 54 2 75 4i 19 0 33 45 103 4 76 


Position 


*Even frames require a parity punch, otherwise, a 
parity flip-flop is set. 
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1.14.5 Binary to Octal (@CT41) 
GCT41 converts binary integers to eight octal 
characters. 
Binary to Octal 


Pseudo-op Example: @CT 7 


eas 24 20 Tf, i ie 
2 ASS, aa ee ae 


ee = es 12 11 7 ow 3 2.1 90 
Format 
Word 
TOTAL REPEAT NUMBER COLOR 
WIDTH OF FACTOR OF 
FIELD CHARACTERS 
Six low order octal] digits are typed in a seven-column field 
using black ribbon.| The next data word would be processed 
in the same manner.j (Repeat Factor 1). 
First {oo ofo o ij0 1 ofo 21 1/1 0 Of2 O 2]i 2 Of2 1.1) 
Data : 
Word 


(Binary Integer) 


Octal Conversion 


Black typeout 


—Space 


1-23 


FORMAT 
WORD 


Data Word 


1.14.6 


23 22 21 20 12 il 


i 
(il il ol o 0 0 00 0 0 o_o} 0 a ae 


(TIME) 


Clock Output (CLC41) 


CLC41 converts the time of day from system time counts 
to decimal hours and minutes. It is then printed as 
four decimal digits. 


Time Count To Hours And Minutes 


Pseudo-op Example: CLK 3, 


NOT USED NUMBER OF # OF TABS OR COLOR 
LEADING CR'S TO BE CONTROL 
SPACES INSERTED 
BEFORE LEADING 
SPACES OR 


VERTICAL PAGE 
CQNTROL FOR 
PRINTER* 


t 
1 


Use Octal Codes 01-17 for the inserted number of consecutive 
carriage returns (1-15). The inserted number for 1-15 
consecutive tabs are octal codes 41-57. 


The above example types or punches time in hours and minutes 


preceded by a carriage return and three spaces using black 
ribbon. 


1/4 ey COUNTS 


[19010000601 0C.0000 


Time ae typeout 


hours & minutes 


*Vertical Page Control Code for Printer 00 - No Advance 


01 - Slew 1 Line (Single Space) 

02 - Slew 2 Lines (Double Space) 

03 - Slew 3 Lines (Triple Space) 

04-07 - Page Control Unique to each 
System 
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1.14.7 Floating Point to E-Type Floating Point Decimal (DFE41) 


DFE41 converts binary floating point information to 
decimal floating point. 


Floating Point to Floating Point Decimal 


Pseudo-op Example: DFE 13 . 1, 14% 0 


FORMAT 23 22 i 20 59.14 11 10 / | 


1 
WORD {ol ol 1] olojili ilotilo oTor a) root ol TTrporarars 


—. cere aoe Se reaerer A 
! 
TOTAL WIDTH REPEAT NUMBER 
OF FIELD FACTOR OF 
WHOLE 
NUMBERS DIGITS PRINT 
TO DEC IMAL 
PRECEDE POINT 
THE 
DECIMAL 
POINT 
| PRINT 
SIGN 


COLOR CONTROL 
O = BLACK 
1 = RED 


0 
|'0 oToToTolg 


DATA Api orer ster ap iss go] ST oT 9 “oT oT SLoT of ol oo 
WORD Leese 


(FLOATING EXPONENT | eee 
| 
| 


POINT 
BINARY) 80), FRACTION 


SIGN Vv 


“100, Q000E-02|/4—Black printout 
Floating Point (minus one) 


Decimal Conversion 


1-25 


1.14.8 Floating Point to Fixed Point Decimal (DFP41) 


DFP41 converts binary floating-point information to 
decimal fixed-~ posne. The floating point number is 
multiplied by i0N if N is negative, or divided by 10% 

if N is positive. (N is the multiplying factor, maximum 
range of absolute 9 i{ocated in the format field.) 


Lac: Dorie red! rons .or Say qiteet ook or 2 2 


Floating Point to Fixed Point Decimal 


23 22 21 20 ae eee 2 1 0 
FORMAT (0! of of o] o] 1] of 0 oof ; Ti ola ty oto 4 ror AERO ofijfijol 
WORD oa Se cages | 
TOTAL WIDTH ee N, NUMBER | 
OF FIELD FACTOR MULTIPLYING. OF | 
FACTOR FRAC - , 4 
(MAGNITUDS) LTONAL | 
| LOAN DIGITS he i 
| l 
¥ beat ‘le 
PRINT DEC IMAL - 
| SLGN OF POINT it 
| MULTIPLYING » 
FACTOR SLCN CONTROL, «a | 


GOLOR CONTROL 
| 0 = BLACK 
1 = RED 


This pseudo-operation specifies type or punch four values with 
multiplying factor of 10** and two fractional digits in an 
8-column field. Jt will print the decimal point, and sign, 
using the black ribbon on the typewriter. 


23 22 eee: 
pata = L111] Of 0; of 7 im 1/6] Of 1° of 08 SRS O' OL0 1010101010. 0. “O 


WORD eens aS ae eee 
(BINARY. | EXPONENT FRAC TION 
FLOAT- | +40, 
ING ae 
POINT) Conversion to TiS @— Biack typeout 
Fixed Point S paee 
——__—_}> 7 “Spaces (4) 


Decimal 


| 
SIGN | =a 
be 1-26 
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1.16 


1.17 


Input Driver “IND - A¥2 Only) 


The Input Driver is entered from any of the following 
interrupts: 


1/06 Device Ready 

1/0 Typer @DL Echo 

350 CPM Card Reader IDL Echo 
350 Card Reader Ready Interrupt 


& Wh Fe} 


IND initiates a card reader, paper tape reader, or 
I/O Typer request, Other functions accomplished by IND 
are: 


1. Resets diagnostic counts for 1/0 Devices. 

2. Tests for an Input Demand from the 350 CPM 

Gard Reader. 

Tests for a valid card read. 

Notifies the Corrective Action Diagnostic Program 
of a photo-cell card reader error. 


> WD 


Input/Output Driver Program - 1/0 Typer (I@D) 


I@D is turned on by the Input Driver (IND). Selection 

codes and output characters for the 1/0 typer are stored 

one character per word in the Output Driver Table. Input 
characters from the I/O Typer. Paper Tape Reader, or 70 CPM 
Card Reader, are stered one per word in the Input Data Table 
for the requescing program. 


When the end-of-tape. stop code, requested number of 
characters has been read, or if the input list is full, 
I@D exits to the ECP. 


For I/0 typer input, an "IN" Command is given to unlock 
the keyboard, Ac the end of the record, I@D locks the 
keyboard and turns che Input Program on. 


Output Driver (@UD - AU2 only) 


@UD is entered from the @DL Echo Interrupt when a 
peripheral devices’ Driver Table is empty. Flags are reset 
when there is no cenversion in progress for output typers, 
Paper tape punches, card punches, or high speed printers. 
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1.18 Input Request Subroutine (INS) 


INS accepts input requests from the paper tape reader. 
card reader, or 1/0 typewriters. Input from more than 
one peripheral may be requested at. any time, However, 
each device is limited to one request at a time. Each 
request must be tested for completion of input by the 

calling function. 


The following calling sequence is used for Buffered 
Requests. A buffered request returns immediately to 
the "normal return" of the calling sequence after the 
read is initiated. During this time, the calling 
function may process the characters placed in the 
alternate input list by the previous read request. In 
this manner, the calling program may process one list 
of characters while che Driver is storing characters in 
another table. (This procedure drives the input device 
near maximum speed. ) 


Buffered Input Request 
Variable Length Message 


~ 
¢ A-RROTES ; 
“STOP CODE——=> A-REGISTER’ OR LDZ (No Stop Character) 


SPB INPCOL 
DEL 1, INPUT ————f® Starting Lecation of Data 
FOR 0 80 Nea, of Characters to be 
ae 7 TAs. read (O indicates to read 
Input Chars, i “navailable pet uneil the Input Datla Table 
on Drum Normal a ae eg full -~ variable length) 


Pa es Device Bad, 


Out-of-Service, or 


Input Device No. in use, See 
INCO] Table. 


DRUM 


aS CE a A aI a EY " cae 
wneur !Fiwi€leli 


ne 
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READ COMPLETION REQUEST. 


SPB INPCO2 

CONG; 0. Device: Naber 
Bad Read Ret.urn ---—W 
Read Completed Return “s, 


a a an ne ee 


The requested number of characters has been read, 
A "Stop Code" was encountered, 

The end-of-tape was found. 

The calling function's input data table is full. 


BAN READ 
REASON 


A-REG 
CONTENTS _ 


Parity Error 
Aborted by Operator 
Device Failed 
During Fead 

input Data 
{Table Overt low 


{Stop Code, 
i/O Typer 
Request. Aborted _ 
%/O0 Typer 

| Pime Abors. Ln 2. 
350 CPM 

| card Hopper 

ae 


Leese eedaaneieenemnemetaemenelommbetal 
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POSSIBLE 
ACELON 


Quit 


Select. Alternate 
Input Device 


Remove from 
list before 


aS table is fulj. 


Qua r 


Quit... 
Initiate another 
Maput reguesn 
Wait 


for operator 
to place cards 
in, reader 


Cee ee eee | YTS HR A MeN RAT TREN “HE ETNRNERY ate 


1.18 Input Request Subroutine - Contd. 
When a non-buffered input request is made, the calling 
function is locked out catil the read is completed or 
an error is encountered. 


Non-Buf fered Inpor Request 


STOP CODE————- A-Register._ 


SPE INCO1 as 
DEL ,0,INPUT——_____ é 
FOR/ 1,60 Se (0 = No Stop Character) 


———-$ Starting Location of 


Input chars. Input Data List 


in core @- navailable or Saas 
ac ieee No. of Characters Requested 


Input Device (0 = read until Inpet 
Number ' Data Table is full.) 


| CONTENTS | UNAVAIL. | ACT LON 

eed ee 
bit 0 Device Bad | Alternate 

ee | Device Select 
bit l 


Out -of -Service Alternate 


Pee. Device ‘Set jane 
| bit 2 | in use Delay 

| Device Failed ‘Select 

| bit 3 | During Read 'Aiternmate 


Input Data Rerove from _ 
bit 4 _| Table Overflow lcaBle is full 


No 1/0 Typer 


| bit 5 Stop Code Guit = oe 
1/0 Typer — 
| bit 6 | Request Aborted [Quit : 
L/0 Typer j initiate another 
bit 7 Time Abort ‘input reg u.est. 
= ) 50 CPM ~  'Wait for operator 
bit 8 Card Hopper | to place cards 
| | Empty _ in reader 
zero | Parity Error 1 Quit | 
Aborted by 
| IS) 1) ee ee eT See 


A flex code 177, acts as a true delete code and is skipped 
when reading paper tape. The delete code should not be used 
as the "stop" character. 


After the first character has been read on paper tape, ten 
consecutive blanks serve as end-of-tape. 
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1.19 


1.20 


A-Register DATA 


Input Program (INP) 


After an input request has been completed, INP notifies the 
calling function of the completion. It also performs the 
following actions - resetting the flags for the input device, 
testing the "end" code of the input record, and notifying 

the calling function of an error, 


The following error messages may be initiated: 


1. NO STOP CODE (1/0 Typers only - Bit 5 is set in 
the A-Register, and INP returns to the calling 
function at the “bad read" return.) 


2. DEVICE n PARITY is typed for a paper tape reader 
‘parity error followed by the message, ENTER DATA 
VALUE XXX or 7 » The operator may correct the 
. error by typing the appropriate three characters 
on the I/O Typer or abort the request by typing 
_a right bracket. 


For an abort request, INP sets the A-Register to 
zero and enters the calling function at the 
"bad read" return. 


An "end" code cos abort, or end job character) is 
removed from the Input Data. Table. 


Multiple Output Request Subroutine (MOR) 


MOR permits requests for analog, decimal, or binary contact 
status to be made for the Multiple Output Distributor. M@R 
has the provision for non-timed priority or normal requests 
or for timed-latched contact outputs. 


Non-Timed Requests - 


2300 8 7.655 : 4) 
MATRIX ADDRESS 


commen cremee! 


1 = CONTACT TO BE CLOSED GROUP NUMBER (0-63) 
O = CONTACT TO BE OPENED OR 


REMAIN UNCHANGED RETURN AFTER 


OUTPUT 1S COMPLETED 
IMMEDIATE RETURN 


1 


Delay Time 
1 = 40 
0= 4MS 
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1.20 Multiple Output Request Subroutine (MOR) - contd. 


Non-Timed Requests ~ contd. 


23 8 7 0 

g-negister [ a 
1 = CONTACTS TO BE CHANGED NUMBER OF MULTIPLE 
0 = CONTACTS TO REMAIN UNCHANGED OUTPUT DISTRIBUTOR 


(USED WHEN SYSTEMS 
HAVE MORE THAN ONE 
M.O.) 


SPB M@RCOL (Normal Request) or SPB M@RCO2 (Priority Request) 


ERROR RETURN 
NORMAL RETURN 


A-REGISTER 


0 


et PO ae ear gee aa eer 


POSSIBLE SYSTEM 

ACTION 

Delay and try again. 

Quit - try next output. 

Hardware condition (2 groups addressed 
Programming Error 

No output may be done. 


DRIVER TABLE FULL 

GROUP FAILED PREVIOUSLY 
OUTPUT FAILED (OVERLOAD) 
INVALID GROUP ADDRESS 
M.O. TIMER FAILED 


1 
2 
4 
8 
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Timed Request 


23 _ 8765 a ere ee 0 
A-Register | DATA MATRIX ADDRESS 
1 = CONTACT TO BE LATCHE GROUP NUMBERS (0-63) 
0 = CONTACT UNCHANGED 
ad ; | 1 = RETURN AFTER OUTPUT IS 
See COMPLETED 
1 = 40 Scenes 
O = 4MS QO = IMMEDIATE RETURN 
23 Dee ee ae ee yee, 
Q-Register ae ee a ee Ne Sat ca ed ee oe ee 
NO. O# WSLTIPLE OJIPUY DI SPRIBUTOR 
NUMBER OF PULSE COUNTS FOR APPLICABLE ONLY WHEN A SYSTEM 
RELAY TO REMAIN LATCHED HAS MORE THAN ONE, 


{i COUNT = 50 MS) 


SPB M@RCO3 (Normal Reqvest) or SPB MORCO4 (Priority Request) 


ERROR RETURN 
NORMAL RETURN 


POSSIBLE SYSTEM — | 
ACTION 
Delay and try again, 
Quit » try next output. 


Hardware condition (2 groups addressed) 


ERROR 
NO TIMER AVAILABLE 
GROUP FAILED PREVIOUSLY 
OUTPUT FAILED (OVFRLOAD) 
INVALID GROUP ADDRESS Programming Error 

M.O. TIMER FAILED No output may be done. 


Nae AL A SE OS NTA A FS A CR pee Re SA tt A OT Nl AO ORES OE re LE US ENE el ON eS OR TE Ye SOU NO I 
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Multiple Output Distributor Driver (MDR) 


MDR is initiated by the M@D Interrupt to execute 
requests made by MOR. To output a request, the 
command word from the driver table is placed in the 
A-Register. The data is transferred to the location 
specified by the group address of the command word. 
The Multiple Output Distributor is then ready to 
accept another request. 


All output commands are initiated from the Priority 


Driver Table before information is taken from the 
Normal Driver Table. 
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skeee 


Timed Contact Output Request Subroutine (TCO) 


The Timed Contact Output Request Subroutine supplies the 
communication link for making requests through the Timed 


Contact Output Controller, 


The TC@ Output Command Word is 


stored in the Normal or Priority Output Driver Table. 


NR RE I Se A EEN ee 


TC@ Command Word 


23 16 15 


A-Register | # of Timing Pulses __ 


11 10 9 7 6 0 


| | Matrix Address | 


; i et aa O = Immediate 
Time a Contact is : Return 
to be closed pula 
: Controller 1 = Return after 
if more output is 
than one. completed, _ 
O = GE/PAC Pulse 
Output 
' J] = Pulse Duration 
Output 
Q = Move Setpoint Controller UP 


SPB TC@CO1l (Normal Request) or 


ERROR RETURN - 
NORMAL RETURN we 


A-REGISTER 
CONTENTS 


SPB TC@C02 


A ON SR AOE NR 


Move Setpoint Controller DOWN 


(Priority Request) 


Driver Table Full 


Requested Group has 
failed on 2 consecutive , 
overloads 


a a 
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Timed Contact Output Driver (TCD) 


The Timed Contact Output Controller is used for addressing 
and controlling timed contact output groups from the 
Arithmetic Unit. To ovtput a request, TCD places the command 
word in the A-Register. The data is transferred to the 
location specified by the group address of the command word. 
The Timed Contact Output Controller is then ready to accept 
ancther request. 


All output commands are initiated from the Priority Driver 
Table before information is taken from the Normal Driver Table. 


Scan Request Subroutine (SCR) 


The Scan Request Subroutine stores the addresses of the 
Scanner Command Word and Count Value Tables in a stacking’ 
table. The Scanner Commands are executed by the Scan Driver. 
SCR process normal or priority, buffered and non-buffered 
scan requests. A normal request is processed on a first 
in/first out basis. Priority requests are processed on a 
last in/first out basis, 


1=36 


1.24 Scan Request Subroutine (SCR) - contd. 


Buffered requests permit the Scanner to be driven near 
maximum speed by allowing a functional program to process 
one set of count values while another group of analog values 
is being scanned for the same program. It is recommended 
that scanning be done from core to save on drum/disc 
transfers. 


SPB SCRCO3 (Normal Request) or SPB SCRCO4 (Priority Request) 
DEL $§1,SCNIBA 
DE Sree, a 


een aon 


a, 


ag ae 
ee Cae 


SCAN COMMAND 


mean ennenenmanaaasamed eran 


Drum BUSY RETURN (Stacking Table Full) TABLE TA od ce 
Addresses NORMAL Return 
< oes 
Boretds So cae vette Os ee ne te \ 
a PROCESS COUNT VALUES IN “ _ 
- TABLE B. CONVERT, LIMIT - 
- CHECK, ETC. - Na 4 0 


+s tintin iti ni 
COUNT TABLE _ 


SCAN COMPLETE REQUEST (SCRCO3 or\SCRC04) \ 


SPB SCRCO5 ' . ! ae 
XN is eT ae 
SCAN INCOMPLETE x \ a = : 
SGAN COMPLETE 2 * Oe ae ae pe 
Ni . ee aera amnaten mmrtnanen meravemmnne wenevenle teen mare setnenmrner naan tre sary 
Request scan for "B' Tables and 4 esau ee 
process new counts in "A" cd eee eae 
\ | ____ SCAN COMMAND 
' r Minty 
. TABLE "BY __ 


i 
\ feet ret meme ee ee er ee meen 
nN ' ie a a ae 


‘ | mepent ern omens eer 


ra 


- COUNT TABL TABLE __ 
Mpit 
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A non-buffered scan request locks out the calling program 
until the analog scan request is processed, 


SPB SCRCOL1 (Normal Request) or SPB SCRCO2 (Priority Request) 
DEL_4,0,, SCNTBL 


Core NN 
Address DEL .T COUNTS 
y KN 


Drum Address 


@T#IS 
IBEITOA 


\ 
‘“ 
ERROR RETURN (Stacking Table Full) 
SCAN COMPLETE RETURN \_ 
NY 


SCNTBL en 
Hi, ADURESS OF MATRIX Loc jobin 


emseremveemnel ave Wit wavemanreeye 


lal 
: 


\ 054 3 1O | 
| 
: 


End of Scan Table 


4M = 0,2 - Single Inpuc 
= 1,3 - Group Input 


Scaled, Offset 
8-Channel Scanner 


| 
Corrected Count . | | 


livaliad = 
Voltage Scale ij 


Converter Overflow Aap 
Open Thermocouple ———}& 


Scannet Overload SaaS | 


Reference; Scan Command Word, Programming Techniques Manual 
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Scan Driver (SND) 


The Scan Driver ovtputs Scanner Commands to a Driver 
Table. They are sent to the Scenner by an ODL or @UT 
Command. The count. values are recurned by an IDL or IN 
Instruction and stored in the specified table. The count 
values are converted, offsec corrected, and scaled before 
storing. After all requested points have been scanned, 
the calling function is turned on. 


Scan Offset Program (SCF) 


The analog readings of the shorted pair are obtained 
for each voltage scale. This new offset is calculated 
from the weighted sverage of the current reading and 
four previous offset values for each voltage scale. 


Corrective Action Diagnostic (CAD) 


CAD performs peripheral, drum, disc, multiple output 
distributor, scanner, and timed-ccntact output corrective 
actions for the GE/PAC Monitor, Corrective action is 
taken for the following peripherals: 


100 CPM Card Punch 70 CPM Card Reader 
350 CPM Card Reader Output, Typers 
300 LPM Printer 1/0 Typers 


Paper Lape Punch 
Paper Tape Reader 


Corrective acticns are 323 listed: 


1. Substitute an alternate output Peerpuene! when 
an output peripheral fails. 

2. Permit cperator recovery for the 350 CPM Card 
Reader, 100 CPM Card Punch, and 300 LPM Printer. 

3. Reset device flags and switches for the failed 
device. 

4, Turn on any programs "locked out" for che failed 
device. 

5. Type alarm messages indicacing the exact location 
of the failure, when possible. 


After the necessary actions are completed. CAD turns 
itself off and exits to the ECP. 


1.28 Initialization Routine (INZ) 


INZ initializes the start-up conditions for a Monitor 
System, Initial storage, switches, and variable Locations 
are set for Monicor and Compatible Programs, 


Each system should add their cwn system initialization to 
this routine, 


“ 


1.29 Console Switch On-Line Operator Program (@PR) 


This program is used to communicate with the on-line service 
routines, Each routine is requested by using the Console 
Switches on the CE/PAC Console. (Reference: GE/PAC 4000 
Operator Sysrem Conscle Reference Manual, Library Control 
No. YPG29.) The following rovtines operate under @PR42- 


1.29.1 On-Line Memory Change with Punch Option (MCG) 


Types and/or changes memory contents, 
Records program changes by typewriter and paper tape. 


1.29.2 On-Line Loader (LDR) 


Transfers information stored on paper tape into memory. 
Compares memory contents with tape information, | 
Relocates tape informacion when storing into memory. 
Loads pre-assembied library subroutines. 


1.29.3 On-Line Dump (@LD) 


Punches memory contents on paper tape. 
Types memory contents on the Conscle Typewriter. 


1.29.4 On-Line Clock (CLK) 


Resets the system time. 
Updates the program execution cimes and auxiliary time 
counters based on the new svstem time. 


1.29.5 Program Status (PST) 


Initiates or stops the execution of functional programs 
operating under MONITOR contrel. 

Locks out any functional program preventing it from 

being turned on. 

An option, which permits a program to be turned on at a 
designated time, is alse available. Without this option, 
a program is turned on immedistely. 
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1.29.6 Peripheral In/Out of Service (P@S) 


Removes peripheral devices from service without an 
alarm nocificaticn. 


Restores failed or out-of-service peripherals to service. 


1.29.7 On-Line Paper Tape Duplicator (DUP) 


Duplicates paper tapes. 


1.29.8 Extract Load Tape Program (XLT) 
Produces 2 bi-octal tape from the PAL ovtput symbolic 
tape, 
1.29.9 PAL GE/PAC Assembler (PAL) 
Assembles symbolic. programs punched on paper tape or 
cards. Types an assembly listing. 
Produces a bi-octal paper tape. 
1.29.10 Demand Scan (DSN) 
Assists in calibrating analog points by demand scanning 
of one analog point at. a time. 
1.29.11 Controller Change (CCGG) 
Changes the value of an analog point on the Analog 
Scan Controller, 
1.30 On-Line Operator System (3/0 Typer) @PR43 
This program calls on-line service routines requested by the 
I/O Typewriters. The following routines may be called 
under @PR43: 
1.30.1 On-Line Memory Change with Punch Option for I/O Typer (MCG43) 
Changes memory locarions through the 1/0 Typer. 


Types the contents of memory locations. 
Punches a tape record of any changed location. 
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1.30.2 On-Line Paper Tape Loader ~ 1/0 Typer (LDR43) 


Transfers information stored on paper tape into memory. 
Compares memory contents with tape information. 
Relocates tape information when storing into memory. 
Loads pre-assembled library subroutines. 


1.30.3 On-Line I/O Typer Dump (@LD43) 


Punches memory contents in the bi-octal format on the 
paper tape punch. 


Types or prints memory contents in the octal format on 
the I/O Typer or Printer. 


1,31 Find/Restore Working Core Area Subroutines (FMR) 


The Find Working Core Area Subroutine is used to find space 
for reading data from paper tape, scanning analog points, 
transferring a program segment, building an output data 
table, transferring an untested program of the Free-Time 
System, etc. When a space is found, this area is set to 
unavailable, occupied siacus. 


The Restore Working Core Area Subroutine releases an 
area by setting it unoccupied and available. 


To find a working core area, 


LDA Number of Locations 

SPB FMRCOL 
Unevailable Return 
Normal Return with the location of the free 
core area in the A-Register 


The "Unavailable Return" is taken when a working core area 
is not available. The system programmer, at this time, 
should set a delay and then initiate another FMRCO1 sub- 
routine call. 


To release a working core area, 


DLD A-Register with the Number of Locations 
Q-Register with the starting core location 
SPB RMRCO1] 
Normal Return 
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1.32 


Run, Stop System Subroutine (RMP) 


RMP requests transters for system subroutines from drum 
or disc into a working core area. After transfer, RMP 
branches to the first Location of the subroutine, When 
the subrovtine has completed its functions, RMP releases 
the working core areas and returns to the calling program. 


To request a system subroutine, 


Set program area unavailable, (See MAP 
DLD A-Register with the dzun location 

Q-Rezister with the mumber of words 
SPB RMPCOL 

Busy Return 

Normal Return 


To release its working core area, the subroutine must 
know its own size and its present core location. 


DLD A-Register with No. of Words 
Q-Register with Core Location 

LDX Return, 2 

SPB SMPCOL 


If the requested program is busy with another request, 
return is made at the busy return, If either FMRCO1 or 
DIRCO2 is busy, a quarter second delay is initiated in 
the calling orogra», and the request is re-initiated 
after the delay. 
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MONITOR PSEUDO-OPS 


Pseudo-ops defined by MONITOR are; 


BCD = Binary cto 6-Bit BCD 

BCN ~ Binary to Non-Fdited Character 

CLK - Clock 

DEL ~- Delay 

DFE ~ Floating Point to E Type Floating Point Decimal 
DFP - Floating Poinc to #ixed-Point Decimal 
DFX - Binary to Fixed-Point Decimal 

FBB - Binary to 4-Bit BCD 

FOR - 

@CT ~ Binary to Octal (integers) 

PRG 

SIZ 


The BCD, BCN, CLK, DFE, DFP, DFX, FBB, and @CT pseuvdo-ops are used 
with the Output Program as format words. Refer to the Output Pro- 
gram, subcategories of 1.14, for explanation of these pseudo-ops. 
The DEL, FOR, PRG, and SIZ psevdo-ops are used in subroutine calls 
and are explained below: 


The DEL pseudo-op is used in rhe Scan Request, Input Request, Output 
Request, lst word of the 3-word Drum Transfer Request, and Set Program 
Deiay Subroutine Calls. Coding examples and format are as follows: 


DEL 0, 15*SECND DEL 1,FMTB 


ccetcialainestacnnescemtees 


Delay in Seconds, Core or Drum Address, or Drum Address of 
a Three-Word Drum Transfer Croup 


0 = Area Unavailable for a delay call; core address, or 
drum to core transfer 
| 1 = Area Available ror a delay call; drum address, or 
Se core to drum transfer 


The FOR pseudo-op is used as noted below: 


FOR LTYPER, 0 FOR CRRDR, 24 
23 22 21 20 19 18 17 16 15 14 13 12 1110 9 


I 
Message Area Number in @UTCO1, #UTCO2, 
OUTCO3, PAVCO1L, PAVC02, PAVCO3, and 
PAVCO4 subroctine calls, or Number of 
characters to be read in INCO1] or INPCOL 
subroutine calls. 


The PRG psevdo-op is used to maintain the REGSTG and RSX (AU2 only) Tables 
of ECP and by the Turn Program Off Subroutine, It conta:ns the flip-flop 


status of overflow, pervit interrupt, test, and memory fence (AU2 only). 
plus the next eatry location. 


fae Pts j e ei yehs ver og 
PRG Uv, 1, QO. START (Gsed by Avi - No Memory Fence Flip-Flop) 
PRG 0, 1, ©, START, 0 (Use edad by AN? memory ferice status) 
23 22 21 20_ 19. Pe 17 16 1D a 1S me AL a0 28 at. 68 ee 3. ‘9 take, 3. 
: sare = Re 
fee Wext, Ratry Address oe aaa 
ae emory Protec peceane. r (ANZ 0 Only) 2s ee ee 
St Stats Oh = Sane ee ee ver ; eg Ss : —) 
| Q = Reset ee 
—_Pernit tncerrupt Siates ; L = Set $ 
\ 
ns Ow Status ca ; 
For a: Drum/Care systen,. if the nex. entry address is set, bo Zero, “the 
program, begins at. its first | Location.. 70 ae ae ee Bee 


- x 
“ER bi ight a rhs 


The SIZ pseudo-op specifies the required Daeinceens for ‘the second ‘word 
of maaan EGP Drum Transfer GrOUD.. 


ee ee han ly Bats 
ae toh b: poe ed ye ea 
SiZ..1,. Ly ae YL00 | i, this pe culeeop. tells ‘the area, ‘availability 
grates, Bit. 23; save status, Bit 19; save 
ret Sats status, pointer index, Bits 18-14; aia Size 
ot che Program.) 
: OS. . i, OER OE TE eg 
23 22 24 20. Ly le Ww 16 pede Ls de dt Ae. OF Bs, 37016: ae es, ee ae 


Save Status Size of Program’ © ~~ ~~ : ct | 


enero ea ee SN NT RENT Y ROEM, HP, POS mine une mene cere eee aeertinn 


= Temporary. Gustane.) 4 « Not. Sa Saved, Ls _=_Temporary Storage 


is Saved 
0 = Area is Sec nave Table. at “ECP. Entry. 
ou 2 Area is $e: AVA yailable ac ECP aia y 


DELCOL 
DTRCOL 
DTRCO2 
FMRCOL 
FRPCOL 
INCOL 
INPCOL 
INPCO2 
MAPOL 
MAPO2 
MAP03 
MAPO4 
M@RCOL 
MGRCO2 
MGRCO3 
M@RCO4 
GFFCOL 
@UTCO1 
GUTCO2 
@UTCO3 
PAVCOL 
PAVC02 
PAVCO3 
PAVC04 
RMPCOL 
RMRCO1 
SCRCOL 
SCRCO2 
SCRCO3 
SCRCO4 
SCRCO5 
SMPCOL 
TCOCOL 
TCGCO2 
TPNCOL 
TPNCO2 
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COMMUNICATION CALLS 


Set Program Delay 

Drum Transfer Request (Immediate Return) 

Drum Transfer Request (Drum Transfer Completed Return) 
Find a Working Core Area 

Find Register Pointer 

Non-Buffered Input Request 

Buffered Input Request 

Read Completed Request 

Core Map Maintenance - Set Area Occupied 

Core Map Maintenance - Set Area Unoccupied 

Core Map Maintertance ~ Set Area Unavailable 

Core Map Maintenance - Set Area Available 

Normal Non-Timed Multiple Output Request 

Priority Non-Timed Multiple Output Request 

Normal Timed Multiple Output Request 

Priority Timed Multiple Output Request 

Turn Program Off Request 

Peripheral Availability & Data Area Output Request 
Normai Output Request 

Priority Output Request 

Peripheral Availability Request with Alternate Selection 
Data Area Availability Request 

Output Request Which Places Request in Stacking Table 
Priority Request (Places request at the top of the list) 
Request a System Subroutine 

Release a Working Core Area 

Nermal Noovwkutte red Seaa Request 

Priority Non-kuffered Scan Request 

Normai Buffered Scan Request 

Priority Buffered Scan Request 

Scan Completed Request 

Release Working Core Area of a System Subroutine 
Normal Timed Contact Uurput Request 

Priority Timed Contacc Output Request 

Turn Program On Request 

Turn Program On Request if Program is Currently Off 


Bel 


APFENDIX C 
SYMEOLS 


ALERT - Peripheral Activate Flag 
The peripheral device priority number corresponds 
to the associated bit. 
Example: Device #3 = Bit 3 of Flag 
ALTFLG~ No Alternate Device Flag 
This flag shows that an output message for the requested 
output perivheral tas no working alternate, therefore, 
the output wessage was destroyed. 
Example: Device priority number i corresponds to bit i. 
ALTTBL~ Alternate Device Priority Numbers for Peripheral Devices 
The alternate for device priority number i is found in 
ALTTBL#: . 
Example. Priovicy Device #5 = ALTTBLA5 
AUXTM - Table of Auxiliary Time Counters 
AVLMAP- Available Area Map - See 1.1 of this manual. 
BAD =< Peripheral Device Failcre Flag 
The peripkeral device priority number corresponds to the 
associated bic. 
Example: Device #4 = Bit 4 of Flag 
CQRMAP- Occupied Area Map - See 1.1 of this manual, 
DMCRN®- Three Times the Running Program Number 
DTAREA- Data Area Bit Word 
Area. corresponds to Bit 


2 4 
Row 


Example: Area z= Bit 1 
Area 3 + Bit Z 
DVC@DE- Device Codes 
A table of hardware addresses for peripheral devices arranged 
in descending order. 
Example: #3 = Fo ghest Friority Device 
FAILUR- Peripheral or Hardware Failure Device Flag 
Bit 0 = Oucpet Typer or Peper Tape Punch or 
Figh Speed Peripheral Failure 
1 ~ MOD Timer Failure 
2» Drum oc Disc Timer Failure 
3 - Scanner Timer Failure 
4 » TCO Timer Failure 
5 + I/0 Typer, Paper Tape Reader, or 70 CPM Reader Failure 
$OS - Peripheral Device O:t-oi-Service Flag 
The peripheral device number corresponds to the associated bit. 
PRI@N@- One Times the Running Program Number 
PROCFG- Ovicput Peripheral Device» in-Progress Flag 
The peripheral device number carresponds to the associated bit. 
PROG - Program Execution Times 
The table starts with Program No. 1. 
PROGNG~- Eight Times the Running Program Nuwber 
SELECT- Peripheral Action Flag 
The peripheral device number corresponds to the associated bit. 
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TIME - Time in System Counts (Cleared at Midnight) 
WAITFG- Output Peripheral Message Completion Flag 
The peripheral device number corresponds to the associated bit, 
WAITRQ- Number of Words Reserved in the Stacking Table for Output 
Peripheral Message (Each output request requireg two words 
in the table). 
This table is indexed by device priority number, 
XFER - Number of Drum Transfer Requests Waiting for a Program 
This table is referenced by program number, 
Example: Program 7 = XFER47 
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Scan Offset Program 
Corrective Action Diagnostic Program 
Initialization Routine 


On-Line Operator Program (Console Switches) 


Memory Change 

Loader 

Dump 

Clock 

Program Status 
Peripheral In/Out of Service 
Paper Tape Duplicator 
Extract Load Tape 

PAL GE/PAC Assembler 
PAL Correction Program 
Demand Scan 

Controller Change 


On-Line Operator System (1.0 Typer) 


Memory Change 

Loader 

Dump 

Clock 

Program Status 
Peripheral In/Out of Service 
Paper Tape Duplicator 
Extract Load Tape 

PAL GE/PAC Assembler 
PAL Correction Program 
GE/PAC FORTRAN Compiler 


Find/Restore Working Core Area Subroutines 


Run,Stop, System Subroutine 


Monitor Pseudo~-Ops 
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INTRODUCTION 


The objective of the MONITOR USER'S MANUAL is to present ways of 
using the Monitor System in conjunction with GE/PAC 4000 Process 
Automation Computers. Use of this manual is predicated upon, and 
presupposes the reader's familiarity with, real-time system require- 
ments, GE/PAC programming techniques, and Process Assembler Language. 


Designed especially for the user, the manual explains what Monitor 
does and what the programmer must do to insure its successful opera- 
tion. The publication also discusses individual subprograms which 
comprise the Monitor System, and includes the communications links 
which must be provided in the functional programs to allow necessary 
exchanges of data between Monitor and the outside world. A detailed 
analysis of Monitor logic is not included in this manual; rather, it 
is covered in the various Monitor program write-ups which are avail- 
able through the Programming Library. 


Examples used throughout the text showing various calling sequences 
are not to be construed as being the only method of using such calls. 
It would take more space than is practicable to allow in such a text 
to show all the possibilities of each subroutine call. 


The GE/PAC family of programming manuals consists of separate, complete 
booklets, each of which deals with a specific subject. MONITOR USER'S 
MANUAL is the eighth in this series of publications, and can be identified 
as such by the use of the numeral eight prefix in paragraph headings and 
subheadings. 
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GENERAL 


A real-time process is characterized by the occurrence of many 
events, some continuous, others random in nature. Events may 
occur simultaneously. A digital computer, however, is a serial 
device; that is, it performs its program operations serially, 
one by one. Therefore, the matching of the digital computer 
and a real-time process requires a control system which co- 
ordinates the requirements and characteristics of both. 


A GE/PAC Monitor is an operating system composed of a library 
of subprograms which provide the basis for a process computer 
system. It is the framework to which the specific functional 
programs are added. The Monitor accomplishes the timing and 
scheduling operations, input/output, internal data transfer, 
timed contact, multiple output, corrective action, initializa- 
tion, etc. Many options are available which may or may not 

be included in a tailored Monitor System. 


The user requests a tailored Monitor by checking the desired 
options on the Monitor Checklist, a copy of which is included 
in this manual (sée Appendix D). Additional copies of the 
Checklist may be obtained upon request from the Programming 
Library. 
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GE/PAC MONITOR INTERRUPTS 


60 Cycle 
DMT “Tl ECHO 


SYSTEM 
TIMER 
INTERRUPTS 


TIME COUNTING 
& DIAGNOSTIC 
COUNTDOWN 


EXECUTIVE 
ae —S CONTROL 
PROGRAM 


DRUM/DISC XFER 
DRIVER 


DRUM/DISC XFER| 
READY 
INTERRUPTS 


SCAN 
DRIVER 


SCAN 
READY 
INTERRUPTS 


RESTORE 
REGISTERS 


M.O. 
DRIVER 


MULTIPLE 
OUTPUT READY 
INTERRUPTS 


RETURN 
TO 
INTERRUPTED 
PROGRAM 


I/O BUFFER 
READY 
INTERRUPTS 


INPUT /OUTPUT 
DRIVER 


OTHER 
SYSTEM 
INTERRUPT 


DRIVER 


| FUNCTION | FUNCTION 
r 1 
| 
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INPUT 
REQUEST 


INITIALIZES MONITOR 
LOCATIONS FOR PROPER 
BXECUTION OF MONITOR 


INITIALIZATION |_ 
ROUTINE 


INPUT OUTPUT 
PROGRAM PROGRAM DIAGNOSTIC 
PROGRAM 
CALLS ON-LINE { 
ON-LINE OPERATOR f DEBUGGING ROUTINE 


PROGRAM (1/0 TYPER 
& CONSOLE SWITCHES 


TIME & 
DIAGNOSTIC 
COUNT DRIVER 


MULTIPLE 
OUTPUT 
DRIVER 


TURN OFF 
. PROGRAM 


pRUM/DISC 
TRANSFER REQUEST) 


MULTIPLE 
QUTPUT 


neArrM em 


Ene asta 
(court a 


OUTPUT REQUEST 


pale THE EXECUTIVE CONTROL PROGRAM OF MONITOR 
CHART EXECUTES SYSTEM FUNCTIONAL PROGRAMS PLUS 
MONITOR PROGKAMS AS SHOWN. 
FUNCTIONAL 
PROGRAMS 


“CORRECTION ACTION 


SUCH AS LOADER, 
MEMORY CHANGE, 
DUMP, ETC. 


1/O DRIVER 
PROGRAM 


INITIATED BY INTURRUPTS TO COMMUNICATE 
WITH HARDWARE DEVICES, UPDATE SYSTEM 
TIME, INITIATE DRUM TRANSFERS, ETC. 


DRIVERS 
(RETURNS TO THE 
INTERRUPTED PROGRAM OR 
TO THE ECP IN SOME 
CASES) 


INPUT DRIVER 


TIMED CONTACT 
OUTPUT DRIVER 


PERFORMS REPETITIVE FUNCTIONS | 
FOR MONITOR & SYSTEM 
FUNCTIONAL PROGRAMS. 


SUBROUTINES 
(RETURNS TO THE CALLIN 
PROGRAM OR TO THE ECP 
IN SOME CASES. ) 


CORE MAP 


TURN 
MAINTENANCE 


PROGRAM ON 


IND/RESTORE 
WORKING CORE 


’ AREA 
RUN, STOP 
SYSTEM S.R. 


FIND 
REGISTER 
_POINTER 


PERIPHERAL 
AVAILABILITY / 


SCAN 
REQUEST 


Note: 


SYSTEM DESCRIPTION 
Monitor consists of the component programs, as described below. 
Executive Control Program (ECP) 


The Executive Control Program runs permitted and schedules the exe- 
cution of programs based on priority, execution time, and core avail- 
ability. All time-critical interrupts are permitted before system 
programs are executed. 


System programs are executed in priority order by comparing the 
programs' next execution time (PR#G_) with the current time (TIME). 

The highest priority program for which the execution time is equal to 
or less than the current time is executed. When the execution time is 
current for a program, the ECP requests a transfer from drum or disc to 
core providing: 


1. The program is not in core. 
2. The program is not presently being transferred. 
3. A core area is available. 


After the transfer has been completed, the program is initiated. If 
there is no available core area for that program, ECP tests the exe- 
cution time for the next lower priority program. 


When a program priority change request has been made, the ECP will 
begin its search at the top of the priority list as a result of this 
change. Examples of such program actions are: MOD (Multiple Output 
Distributor), TC@ (Timed Contact Output), Output Completed Returns, 
Scan Complete Returns, ITC (Interrupt Time Counter), or Drum/Disc 
transfer interrupts. 


If a program has a "turned off" or "locked out'' code in its PROG 
location, it is not executed until a time for execution is assigned. 


There are three classifications of register storage for functional 
programs. They are: 


1. Programs which have no register storage of their own. 

2. Programs which have their own 8-word block of register storage. 

3. Programs which share an 8-word block of register storage 
with other functional programs. 


The Register Pointer Table (RSX) tells what classification is assigned 
for each program and contains the following information. 


The current ECP priority order is defined in the PRGTBL Table. The 


latter is included in the Monitor @File tape and allows the programmer 
to change the priority of a program after the initial Monitor Assembly. 


Any direct branches to the ECP must be done in the inhibited state. 
The RSX Table is eliminated when all system programs have their own 
8-word register storage block. 


Register Pointer Table 


This table contains an index to the 8-word storage block for programs 
having full register storage or sharing storage. For programs with no 
register storage, the table contains the flip-flop status and the program's 
next entry location. 


7 0 19 18 0 
RSX as 0 
“ol glepl[ ti Flrain{| Next Entry Loc. | 
1120 3 
Tied 3 


Se a ea aa en 
=a 
rol o elalrla[w] Next Batry Loc. | 


QO = No Register Storage 
l = Register Storage 


1 = Return to program after ITC Timer (see paragraph 1.2, 
page 1-6), or Drum/Disc 
Transfer Complete Interrupts 

O = Return to ECP after ITC Timer or Drum/Disc 
Transfer Complete Interrupts 


For programs sharing full register storage, the index would 
be the same. 


Register Storage Table (REGSTG) stored in permanent core. 


AREG 23 22 21 20 19 18 17 0 


QREG Register Contents at Next Entr 

*PREG | ol g| p] tl Fl RIN Next Entry Address Program 

SSR > Ms a age ee ee ae NO O 

X4REG ECP 

X5REG 

X6REG 

X7REG 

Third 8-Word Block of Register Storage 
AREG+32 
Fourth 8-Word Block of Register Storage 

X7REG+32 

AREG+ 56 Seventh 8-Word Block of Register Storage 
X7REG+56 


*PREG Flip-Flops 

= 1] - Set Overflow; 0 - Reset 

~ Set Permit Interrupt; O - Reset 

- Set Test Flip-Flop; 0 - Reset 

- Set Memory Fence; 0 - Reset 

- Absolute Permanent Core Location 

Relative Address (Drum/Core) 

or an all-core system, R is always zero. 

- Negative Relative Entry Address (Bits 0-15) 
- Positive Relative Entry Address (Bits 0-15) 
or an all-core system, N is always zero. 


Wide 
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The other tables assisting the ECP in performing its functions are: 


PROG - Program Execution Time Table 


TIME 00001433 


Program # 


1 PROG PROGRAM OFF 

2 PROGRAM CURRENTLY RUNNING 
3 PROGRAM DELAYED 

4 LOCKED OUT 

5 OFF 

6 OFF 

7 


40000000 
00000000 


Drum Transfer Control Table 


PROGRAM ON (Based on event) 


Ree Ee 15 13 0 
Program | DRMLOC} 0| BEGINNING DRUM/DISC ADDRESS 


No. 0 INDEX TO NUMBER OF WORDS IN 
Transfer SIZE A} C;} T;} N} S| 3-WORD GROUP PROGRAM 
Group IN SAVE TABLE |(SAVED BLOCK NOT 

, INCLUDED) 


cortéc{|  =—=—s——_|sBEG INNING CORE ADDRESS 
DRML@C+3 
SIZE+3 Drum Transfer Control 


CORLOC+3 for Program #1 


, Drum Transfer Control Group 
CORLOC+3n| for Program #n | 


A - Area Availability on Entry From ECP 
1 = Available; 0 = Unavailable 


Group 


C - 1 = Program is in core 
OQ = Program is not in core 
T - 1 = Program is in transfer from drum/core or has 
requested DTRCO2 XFER 
0 = Program is not in transfer 
N - 1 = Program is running with core area available 
0 = Program is running with core area unavailable 
S - 1 = Save temporary storage on drum if overwritten 
0 = Do not save temporary storage 


The Save Status Area Control Table is used for programs requiring 
temporary storage to be saved in an unprotected area on drum before over- 
writing. This feature is called "Save Status". The ECP transfers the 
temporary storage of programs having "Save Status" to drum before 

another program is transferred in its place. However, when a functional 
program is turned off, its temporary storage is not automatically saved 
on drum, 


Save Status is specified in the Drum Transfer Group Table above in 
the SIZE Word, Bit 19. 


ae 


Save Status Area Control Table 


SAVTBL 2322 id 13 ; 0 
- BEGINNING DRUM OR DISC ADDRESS FOR 
SAVED AREA 


000 0 0 0 0 0 0 0o| NUMBER OF WORDS IN SAVED 
BLOCK AT END OF PROGRAM 
Ree on cee al BEGINNING CORE ADDRESS 


ECP Drum/Core Communications 


SVSILZE 
SVLOC 


DRUM/CORE LOCATION TABLE 
(Permanent Core) 


CORE CURRENTLY 


PERMANENT WORKING 
CORE CORE 


ECP Drum/Core Communications 


UNOCCUPIED CORE 


OCCUPIED BUT AVAILABLE 
CORE 


TO BE SAVED ON DRUM 
(SAVE STATUS) 


PERMANENT \ WORKING CORE 
UNAVAILABLE CORE CORE \ 


| 


Each bit in the following tables represents 64 core locations 100, (standard 


block size). 


OCCUPIED AREA MAP aN 
CORMAP 
AVLMAP 
UNUSED 1 = Core Area Unavailable for 
Overwriting 
OCCUPIED SAVE STATUS AREA MAP 

23 22 21 20 19 18 17 16 15 14 13 12 11 :10 
STSMAP QO 0 

O°’ 0 


UNUSED 1 = Occupied by save status 


re 


Time and Diagnostic Count Driver (ITC) 


ITC uses two interrupts to control the system timing. The 
first (non-inhibitable) interrupt occurs each 16 2/3 MS. 
On interrupt, a DMT counter is decreased by one. When the 
counter equals minus one, the second (inhibitable) 
interrupt is triggered. 


The second interrupt causes entry to ITC. The DMT Counter 
is initialized by storing the number of 16 2/3 MS intervals 
in a time count. This number, NCYCLE, must be evenly 
divisible into sixty and is specified by the System 
Programmer at assembly time. NCYCLE determines the length 
of time represented by one time count (1 second, 1/2 second, 
1/4 second, etc.). ITC increases the time of day (TIME) by 
one. The time of day is cleared at midnight and the 
calendar is updated. ITC also references all program and 
auxiliary time counters at the beginning of each day. 
Auxiliary Time Counters are used by functional programs 
which are turned on by the Monitor Initialize Routine 

which require initiation at set time intervals (1 minute, 

2 minutes, etc.). Typical programs would be the Scan or 
Performance Calculations. 


ITC also tests for interrupt driven device failures on the 
Peripheral Buffer, Output Distributor, Scanner, etc. Each 
device is assigned a specified COUNT which is used for 
counting the time required for activating a particular 
device. This location (CQUNT) represents the maximum 
number of time count intervals in which action should be 
completed. If a C@UNT becomes negative, the device has 
failed and the Corrective Action Program is turned on. 

The system programmer may also count for special timing 
functions. When a system count becomes negative, the ITC 
turns on a system program (APROGM), which handles diagnostic 
functions. 


When an interrupt occurs during the execution of an inter- 
ruptable system subroutine. ITC returns immediately to 
the interrupted subroutine. 


ITC returns control to the interrupted program or to the 
ECP depending on the indicator set in the Register Storage 
Table ° 


8.1.3 Save Registers Subroutine (SRG) 


SRG saves the register contents and/or next entry 
location for a functional program. For functional 
programs having full register storage or sharing 
register storage, the P Counter, A, Q, and X3 
through X7 Registers for the interrupted program 
are transferred to the Register Storage Table. 
Otherwise, only the next entry point to the 
functional program is saved. 


8.1.4 Restore Registers Subroutine (RRG) 


RRG returns to an interrupted program at the 
designated entry point. The contents of register 
storage are transferred to the register locations 
for programs having full register storage. These 
values represent the contents of the various 
registers for the running program at the time 

of its last interrupt. 


Ssh.5 Turn Program Off Subroutine (@FF) 


The Turn Program Off Subroutine stops the ECP from initiating 
the execution of functional programs. Programs are turned off 
by placing the "off" constant, 40000000,, as the next execution 
time. Only a running program may turn itself off. 


After the "off'' constant is stored, control is transferred to 
the ECP. 


To communicate with @FF, use the following calling sequences: 


SPB GFFCOk _ or SPB @FFC02 
PRG 0,1,0,START,0 


F,0 PRG 0,1,0,START,0O 
Returns to the BOP Returns to the ECP 
Overflow Memory Fence 


Reset Reset 


Execution Time 


| 00000631 | 
| 40000000 | 
| 40000001 | 
| 00000000 | 
oat eal 


00000732 


Set Permit 
Interrupt 


Test Flip-Flop 


Reset \ 


Program #5 


REGSTG 


10004640 | Next 
Entry 
Location 


Must be relative to start or 
zero (drum/disc systems only). 


(Reference: Page 1-2) 


The @FFCO2 call gives the programmer the ability to set the 
program area unoccupied and available while the program is turned 
off. Save status is not saved on drum/disc. Programs that are 
transferred from drum to core each time executed could effectively 
use this call. 
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8.1.6 Set Program Delay Subroutine (DEL) 


DEL delays the execution of a functional program that is 
running currently for a specified time period. The delay, 
in time counts, is added to the current time and stored in 
PROG for the calling function. Only a running program can 
delay itself. 


The A, Q and X3 through X7 Registers are saved for those 
programs having register storage. 


To set a delay, use the following calling sequence: 


SPB DELCOL1 or SPB DELCO2 
DEL 0,3*SECND # of Secs. DEL 1,3,*SECND 
eturns After Delay Returns After Delay 
System Clock 
ee 
+14 00000600 
614, 


O= Area is set unavailable 
for overwriting during 
delay 


(1 = Area Available) 
Execution Times 


40000000 
4Q000001 


as 


The above example shows a 1/4 second system. 


PROG 


(Program 3) 


DELCO2 call gives the programmer the ability to set the 
program area unoccupied and available during long delays. 
Save status will not be saved on drum/disc. This call 
should be used by programs which run at long time intervals. 
Setting the area unoccupied cuts down ECP map search time. 
Programs that are transferred from drum to core each time 
executed would also use this call effectively. 


Turn Program on Subroutine (TPN) 


The Turn Program On Subroutine is used to change the execution time 
of functional programs. The execution time and the program number 
are given in the calling sequence. 


After the new execution time is stored for a program, control is 
returned to the calling function. 


Programs which are "locked out", next time of execution 40000001, » 
may not be turned on by TPN. 


TPN returns with all ones in the A-Register when a request is made 
to turn a program on which is "Locked out". 
Execution Times 
PROG 


40000000 
40000001 


aaa 
| 00000631 
| 00014200 
|_ 40000000 __ 
| 40000000 
| 40000000 __| 


Turn Program 3 on (Program 3) 
LDZ 00000000 
SPB TPNCOL 
CON G,HLOG 


Return 


HLOG EQL 3 


The TPNCO1 call can turn a program on immediately or set any 
execution time desired in the PR@G Table. 


To enter an execution time only if the program has the off 
constant in the PR@G Table: 


LDA Execution Time or LD& 


SPB TPNCO2 
CON G,HSCAN 
Return 


HSCAN EQL 8 


The following calling sequence allows the system programmer to 
specify which program will run next. If the program is in core, 
it will be entered immediately; if it is on drum, its transfer 
will be initiated. 


LD4 
SPB TPNCO3 
CON G,MSCAN 


MSCAN EQL 7 


At the next ECP entry, the MSCAN program is turned on. If this 
program has the "lockout" constant in its PR@G location, the 
request is ignored. 


An example of when to use the TPNCO3 subroutine call would be: If 
program #X decides that another program must run next, program X makes 

a TPNCO3 call and either delays or turns itself off. The use of this 
calling sequence is only required when a program is dynamic and changing 
and the computer speed is not fast enough to handle functions in their 
normal sequence. 
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8.1.8 Map Maintenance Subroutine (MAP) 


MAP is used to update the core map tables (C@RMAP and AVLMAP). 
Core areas may be set occupied, unoccupied, available, or 
unavailable: 


SPB MAPO1 - Set Area Occupied or 
SPB MAPO2 ~ Set Area Unoccupied or 
SPB MAPO3 - Set Area Unavailable or 
SPB MAPO4 - Set Area Available 
Return to the calling program 


Unoccupied Core Area Map Table 


C@RMAP 
In this table, "one" bits indicate that the core area represented is 
occupied by a functional program whether its area is available or not. 
Available Core Area Map Table 
AVLMAP 


In this table, "one" bits indicate that the core area is unavailable 
for overwriting. 


k 
Each bit represents 2 words of working core area, For example, if 
k = 5, each bit represents 32 words of core. The working core area 
starts at fixed location such as 12000, . 


In our example, 5 programs are in core occupying areas: 


12000, - 12337, (word 1, bits O - 6) 
12540, ~ 13277, (word 1, bits 11 - 21) 
13600, - 14737, (word 2, bits 4 = 22) 
16500, - 17337, (word 4, bits 2 - 14) 
17400, - 17777, (word 4, bits 16 - 23) 


NOTE: The program in core area 12000, - ae is running with its 
core area available. 


The beginning of the map table is the upper right hand bit 
of the table and the end is the lower left hand bit. 
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8.1.9 


SPB 
LDK 


DRMXFR DEL 
FOR 
LDA 


Drum/Disc Transfer Request Subroutine (DTR) 


DIR requests transfers between drum or disc and core memory. 
The core address of the 3-word transfer command and the program 
number are stored in the Driver Table. DIR may return to the 
calling program immediately after the request is stored or 
after the completion of the actual transfer. 


To return to the calling program immediately after the request 
is stored in the Driver Table, 


Direction of Transfer 
1 = core to drum 


0 = drum to core 
DTRCO1 
DRMXFR_ (May be Indexed) 
Error Return (Driver Table 2322 16 15 14 0 
Normal Return | Full ) | D] Drum or Disc Address 
|Core Address 
1,/12000 DRMXFR = Symbolic Address of three- 
1,100 Word Transfer Command 
/25000 DEL D, Bulk Address 
FOR Controller No., No. of Words 
LDA Symbolic Core Address 
Example: 
DRIVER LIST No. Controller (Drum or Disc) 
O = #£=First 
i ee ie ae Ce ee 1 = Second 
Etc, = Etc. 


DRMXFR 


The core address of the 3-word 
transfer command and the 
transfer direction are stored 
as one word in the Driver 
Table. The second word in 

the Driver Table contains 

the program number and the 


drum/core number (3Xn). 


To return to the calling program after the requested 


transfer has been completed, 


SPB DTRCO2 

LDK DRMXFR (May be Indexed) 
Error Return (Driver Table Full) 
Normal Return 


The Bulk Transfer Driver Program will process disc transfers as’ though 
all disc storage (within a controller) is continuous addressing. The 
programmer is not concerned with data or programs physically split 
between disc platters. 


ee 


8.1.10 Drum/Disc Transfer Driver (DTD) 


DTD initiates transfers between core memory and drum or 
disc: It is entered from the Drum Transfer Complete 
Interrupt. 


Following each interrupt, a transfer is initiated by an 
QUT Drum/Disc Command. Return from DTD is to the interrupted 
program or the ECP. (Refer to 1.2). 


8.1.11 Find Register Pointer Subroutine (FRP) 
FRP determines a program's type of register storage. It 
gives the starting address of the 8-word storage block or 
the next entry address for the specified program. 
LDA Program Number 
SPB FRPCO1 
Returns with the address in the A-Register 


and Test Flip-Flop Status 


The test flip-flop is set if the program has full register 
storage. Otherwise, it is reset. 


See Register Pointer Table under 1.1. 
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Peripheral Availability Subroutine (PAV) 


The Peripheral Availability Subroutine is used as a 
combination call to check for peripheral availability, 

make an output request, or perform peripheral substitution. 
When a peripheral is not free, appropriate diagnostic 
action is taken or peripheral substitution is made if the 
peripheral is bad or out-of-service. 


PAV also provides an optional feature for checking data 
areas, A data area is assigned to each output message 
representing the drum, disc, or permanent core area con- 
taining the message. When an output request is made for 
availability and the area is available, the area is set 
unavailable and is set free when the last character of 
the output message is completed. 


Data area numbers range from 1-24 (23 and 24 are reserved 
for Monitor). Zero is reserved as a dummy area number 
when availability is not required. Area number zero is 
always considered available. The data number is used as 
a tag to identify a message area. The tag may apply to 
an individual message or a buffer which that message 
occupies. Two messages which share the same buffer may 
not have the same tag. Until the driver removes the 

data tag, no other program can use this tag. 


A peripheral availability call must not occur in a sub- 
routine used by more than one functional program, The 
PAVCOL call selects an alternate output device when the 
requested device is not free. 


Fixed Message Calls 


SPB PAVCO1l (Normal Request) or SPB PAVCO4 (Priority 
Request) 

DEL 0,FORMAT 

DEL 0,DATA _W No Test for Data Area Required 

FOR DEVICE,O 0 = Dummy Area Number 


? Return 


DEVICE EQL 3 


Core Format 
and Data 
Locations 


Note: A fixed message call may be used if the format 
and data words are built at assembly time. A 
priority call places the request at the top 
of the stacking list. 


Format and data words on drum or disc must be in the 
lower 256K of a drum or disc system. 


Sides 


Peripheral Availability (cont'd.) 


REASON DEVICE IS 

UNAVATLABLE ACTION 
Stacking List Delays and tries again 
Full 
Device is Bad or Request output on alternate 
Out-of-Service device. 
No Alternate is Bypasses output request. 
Available 


Message Number 


SPB PAVCO02 (Checks stacking list and data area 
FOR DEVICE, AREANO availability) 


e 


Place the Output 
area is available and the 
ss device's stacking list 
; is not full. 
SPB PAVCO3 (Requests output and places request in 
SPB @UTCO2 Stacking List) 


A, FQ@RMAT 

A, DATA 
DEVICE, AREAN@ 
Return 


Drum Core 
Address Address 


Core Address 
Drum Address 


A= 0 
1 
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8.1,13 Output Subroutines (UT) 


QUT is composed of three functions. The QUTCO1 call is 
used to test for peripheral availability and data area 
status. The @UTCO2 (Normal Request) and @UTCO3 (Priority 
Request) calls make the output request. The given data 
and format locations are stored in the proper tables and 
the peripheral ALERT bit is set for the Output Program, 


When the output request returns to the "available return" 
(data area and peripheral free), the system program may 
then assemble its data in the data area in preparation 
for the actual output request. For every "available 
return", there must be an associated output request. 


Output Requests may be made for the printer, typewriter 
(including 1/0), paper tape punches, and magnetic tape. 


To Test Peripheral Availability and Data Area Status, 
SPB §UTCO1 


FOR CTYPER, HLAREA Core 
Unavailable Return 


Available Return | 
. MESSAGE AREA 


#3 
Peripheral 
Number A-REGISTER REASON UNAVAILABLE 
CONTENTS 
23 5 0 
i se B 0 / STACKING LIST FULL 
| 1 DEVICE FAILURE 
2 DEVICE OUT-OF -SERVICE 
4 DATA AREA UNAVAILABLE | 


REQUEST OUTPUT 


SPB $UTCO2 (Normal Request) 

DEL jJA,FORMAT Address of lst Format Word in the Format Table 

DEL » DATA Address of lst Data Word in the Data Table 

FOR | pCTYPER, HLAREA 

Return Note: Format and data words on 

3 drum or disc must be in 
the lower 256K of a drum 
or disc system. 


Data Area No. 


Peripheral 
Number 


Core Addresses 


HLAREA EQL 3 


Drum Address 


C= 
0 Core Address -16- 


Output Tables 


SPB @UTCO3 (Priority Request) 
DEL JA, FORMAT 
DEL A, DATA 


FOR CTYPER, 0 Core Memory 
Return 
Core 
Address 
3600 
CTYPER EQL 2 8 
OUTPUT 
DATA 
In the device code table (DVC@DE), STACK 0 LIST CONTROL 
the octal address is deciphered as hice. cagesenn senso 
follows: STACK 1 LIST CONTROL 


STACK 2 LIST CONTROL 
Example: 60101100 00004520 
The first two digits are 00004600 
called the Type Code (60). Type Address of 
codes are used to specify the Format Words 00003000 
following peripherals: Address of 
Data Words 00003600 


40 - Paper Tape Punch or 
Output Typewriter 


42 - Card Punch Request for Output 


44 - High Speed Printers 23°22 18 17 0 
50 - I/O Typer A bata ; 
60 - Paper Tape Reader fe nee Location 
or 70 CPM Reader 
76 - 350 CPM Reader - 
La = 0 = Core Address 
1 = Drum Address 


The third digit is the classification 
code which specifies the peripheral 
number. 


= Printer #1 
Printer #2 
ETC. 


a?) 
tof 


wipe 


The classification code is a running number (0-7) for input peripherals 
(type Codes 50, 60, and 76). The 350 CPM Readers should have the highest 
priority classification code. 


In the code, the last four digits specify the hardware address for that 
peripheral. 


Format and data words must be stored on drum or in permanent core. Format 
words and data words are stored in separate tables. Addresses given in the 
@UTCO2 and QUTCO3 calls must be absolute symbols. Either common (*) or 
local absolute (-) may be used. Absolute addressing must be used in drum 
or disc systems only. 


Hardware Address Device 
For Device Priority 
Number 


#0 
#2 
a 


#0 
#1 
#2 
#3 


Primary Alternate Device 
Table 


#0 
#1 
#2 
#3 


Secondary Alternate Device 
Table 


8.1.14 Output Program (IMP) 


Monitor outputs information by using a group of related routines 
and subroutines within the Output Program. The Output Program 
is turned on after receiving an output request from the Output 
Subroutines. 


The stored format word is decoded into separate fields. Format 
words which are stored on drum or disc are transferred to an 
eight-word core buffer for processing. Data which is stored on 
drum or disc is placed in a sixteen-word core buffer. Both 
buffers are within the Output Program's temporary storage (save) 
area, The proper conversion routine, as indicated in Bits 23-21, 
is then entered. Each conversion routine is discussed as sub- 
categories of 1.14: 
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8.1.14 


Output Program (I@P) (cont'd.) 


1.14.1 Binary to Fixed-Point Decimal 

1.14.2 Binary to Four-Bit BCD 

1.14.3 Binary to Six-Bit BCD 

1.14.4 Binary to Non-Edited Character 

1.14.5 Binary to Octal 

1.14.6 Clock Output 

1.14.7 Floating Point to E-Type Floating Point Decimal 
1.14.8 Floating Point to Fixed Point Decimal 


The following subroutines are also contained within the Output 
Program to assist in placing the converted information in the 

Driver Table printing error messages (EEE*,999*,000*, *) etc. 

They are: 


Store Character in Driver Table Subroutine 
Store Error Code in BCD Table Subroutine 
Build Driver Table Subroutine 

Error Subroutines 

Update Index and Load Data Subroutine 


Error typeouts indicate the following: 


999% - Number too large 
000* - Number too small 
EEE* - Incorrect format word 
* - Field size less than three 


The End of Message word is all bits set (77777777),. 
Every table of format words must contain an end word which is 
generated by: 


CON $,77777777 


The repeat factor is used when more than one data word is 

associated with a format word. For example, if four data 

words use the same format, three is placed in this field. 
If only one data word is used, the repeat factor should be 
zero, 


The multiplying factor positions the decimal point for 
typing under log headings. 


Pressure of Temperature of 
Boiler "A" Steel Furnace 


Example: 


Multiplying Factor 


=19= 


The format words shown in the following conversion 

routines include an example of the MONITOR Pseudo-operation. 
These pseudo-op instructions can only be used when assem- 
bling with GE/PAC Monitor or the GE/PAC Monitor EQL tape. 


8.1.14.1 Binary to Fixed-Point Decimal (DFX41) 


DFX41 converts information from binary fixed-point to 
decimal fixed-point. Leading zeros are automatically 
suppressed, Numbers exceeding the field size are typed 
as all nines followed by an asterisk. 


Binary to Fixed-Point Decimal 
Pseudo-op Example: 


DFX 10 > 0 


> 5 > 4 > 1 > 1 
23 21 20 15 14 12 \ 7 6 \\ 


3 

2 
0 
ee ee ey 


i 


IAL? 


FORMAT TOTAL REPEAT BINARY NUMBER 
WORD WIDTH FACTOR SCALE OF natok 
of FACTOR FRACTIONS 
FIELD vis BED 
SIGN 
DECIMAL 


POINT 


One value, scaled B5, ig typed in a ten column field. The 
values are printed in rdd with decimal point and four 


fractional digits. The |sign is printed if the value is 
negative, 


0 121 00100i10001000000%00%0 0 0 


A 


DATA 
WORD Conversion to 
Fixed Point Decimal Red printout 


Three spaces 

precede the value 

to make a ten-column 
field. 
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8.1.14.2 Binary to Four-Bit BCD (FBB41) 
FBB41 converts binary data, left justified, to six 4-bit 
BCD characters per word. After the conversion, each BCD 
character is stored as one word in the Output Driver Table. 


Binary to Four-Bit BCD 


Pseudo-op Example: FBB 10,0,6,0,0 


2322.21.20 


TOTAL REPEAT NUMBER 
WORD WIDTH FACTOR OF 


OF CHARACTERS COLOR CONTROL 
FIELD O = BLACK; 
1 = RED 


FOLLOWING DASH CONTROL 
1 = PRINT DASH 


One value, consisting of 6 characters, is typed in black. 


23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 6 


5 
DATA of ett] of of of 1741 0] a] of of oft] of 10a] Jo] ofa] 


WORD 


Black printout 


4 blank spaces = ten column field 


Note: If the repeat factor is used, each data word 
must have the same number of characters. 


oa 


8.1.14.3 Binary to Six-Bit BCD (4 Characters Per Word) 
BCD41 converts binary information to six-bit BCD characters. The 


data word contains six-bit BCD characters, left justified. After 
conversion, each word contains four BCD characters. 


Binary to 6-Bit BCD 


Pseudo-op Example: BCD LOv 4 3 : 1 3 | 
7 12 11 sas 


23 21 20 1 0 


Word ce See Ne CS Se 
pietecreanneeh NUMBER OF ## TABS OR 
LEADING C/R's 
SPACES INSERTED COLOR 
BEFORE 
LEADING 
SPACES OR * 
One carriage return and three ‘Codes 01-17, = T-1I5 con- 
Spaces are made before the BCD secutive ca¥riage returns. 
characters are typed. Codes 41-57, = 1-15 


consecutive tabs. 


CON A,9,TAPE FILE (pseudo-op generating data words) 


carriage return 
3 leading Spaces 


Alphanumeric 
typeout in red. 


*Vertical Page Control Code for Printer 
(Octal) 


00 = No Advance 
O01 - Slew 1 line (Single Space) 


02 - Slew 2 lines (Double Space) 
11 

12 

13 Slew paper to control 

EA channel 1 through 8 

15 respectively (1 is considered 
16 top of next page) 

17 

20 


ye 


8.1.14.3 Binary to Six-Bit BCD (4 Characters Per Word) - cont'd. 
By inserting 40, in the BCD (FORTRAN Option) word, the 
Output Program uses the first. character of the data line 


as the form control. Control codes are as follows: 


Octal Control Code 


20 (Blank) Single Space 
00 Double Space 
01 


Slew to Channel N 
20 
60 (Plus) Suppress Spacing 
8.1.14.4 Binary to Non-Edited Character (BCN41) 


BCN41 stores characters (one character per word) into the 
Output Driver Table with no transformation. One character 

is contained in Bits 23-0 of each data word, right justified. 
The number of filled bits depends on the output device being 
used. The maximum number of non-edited characters permitted 
in one BCN format word is 63, 


Binary to Non-Edited Character 


Pseudo-op Example: BCN_12 


23° _. 21-20 15 14 t 
Format [1 0 10 0 110 9  Norusep 
Word Gee) 


No. 


Table of 
Characters 


a ee 


8.1.14.4 Binary to Non-Edited Character (BCN41) cont'd. 


DATA FRAMES 
CHANNEL 
NUMBERS #1 8 #2 #3 #4 #5 #6 #7 #+=#8 ##9 «£10 #11 #12 
8 0 Hundreds Pos. 
Paper j 0 0 Oo 0 g/ 2nd Tens Pos, 4 
Tape 3 0 0 0 ol] 2nd Tens Pos. : 
5 0 0 0 O Parity Ind. 
és 0 0 0 g| 2nd Tens Pos. ] 
@e'e ©0ce @ e rs e ® e e e rs ° ° el| Sprocket Feed 
lst Units Pos. 
: 0 ° 0 : 0 ° : lst Units Pos. 
1 0 0 0 0 O lst Units Pos. 
123 54 2 75 41 10 O 33 45 103 4 76 Pos. = 


Position 


*Even frames require a parity punch which hardware generates on 
output, otherwise a parity flip-flop is set during input mode. 


8.1.14.5 Binary to Octal (@CT41) 


OCT41 converts binary integers to octal 
characters, 


Binary to Octal 


Pseudo-op Example: @CT 7 , 1 


J Ra a ia eee 11 


23 21 20 


yonee [oD ifo oor yoo yooee foiie poop 
Word ee 
TOTAL WIDTH REPEAT 
OF FIELD FACTOR NUMBER COLOR 
OF 
CHARACTERS 
Six low order octal digits are typed in a seven-column field 
using black ribbon. The next data word would be processed 
in the same manner. (Repeat Factor 1). 
22 0 
Firet [0.0 0] 0 0 i]0 1 00 1 t]i 0 o]i 0 iJ1 1 oJ2 1 11 
Data ) 
Word 


(Binary Integer) 
Octal Conversion 


Black typeout 


Space 
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8.1.14.6 Clock Output (CLC41) 


CLC41 converts the time of day from system time counts 
to decimal hours and minutes. It is then printed as 
four or six decimal digits. 

Time Count To Hours, Minutes and Seconds 


Psuedo-op Example: 


CLK 0, Q, 3, l 


0 

a 
23 22 21 io Se ees ee 
a} af of o of of o of loo Joo 0 11)00000 | o 


QO = Message Time (no data word Number Color Control 

1 = Event Time (data word) of O = Black 
Leading l = Red 

0 = Hr/Min Printout (XXXX) Spaces 

1 = Hr/Min/Sec Printout (XXXXXX) 


# of Tabs or Carriage 
Returns to be inserted 
before leading spaces 
or Vertical Page Control 
for Printer * 


Use Octal Codes 01-17 for the inserted number of consecutive 
carriage returns (1-15). The inserted number for 1-15 
consecutive tabs are octal codes 41-57. 

The above example types or punches time in hours and minutes 
preceded by a carriage return and three spaces using black 


ribbon. | 


1/4 SEC, COUNTS 


Data Word (TIME) 100100000010010000 


Time black typeout 
hours & minutes 


* Please refer to page 1-22 for Vertical Page Control Code for Printer. 


yh; 


8.1.14.7 Floating Point to E-Type Floating Point Decimal (DFE41) 


DFE41 converts binary floating point information to 
decimal floating point. 


Floating Point to Floating Point Decimal 
Pseudo-op Example: DFE 13, 0 , 3 , 4 , 1, 1, O 


PORT 23. 22 21 20 15 14 12 11 10 9 7.6 3 \2 +1 :!10 
save | fd g of Gg of of  afolilo}o} a ad g 
TOTAL WIDTH REPEAT NUMBER # OF 
OF FIELD FACTOR OF FRAC- 
WHOLE TIONAL 
NUMBERS DIGITS PRINT 
TO DECIMAL 
PRECEDE POINT 
THE 
oy man 
SIGN 
COLOR CONTROL 
QO = BLACK 
1 = RED 
DATA 
WORD 
EXPONENT NORMALIZED 
OAT 
oa (+40) 5 FRACTION 
BINARY) 
SIGN 
-100. OOO0E-02 Black printout 
Floating Point (minus one) 


Decimal Conversion 
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8.1.14.8 Floating Point to Fixed Point Decimal (DFP41) 


DFP41 converts binary floating-point information to 
decimal fixed-pojnt. The floating point number is 

multiplied by 10 if N is negative, or divided by 10 
if N is positive. (N is the multiplying factor, maximum 


range of absolute 9, located in the format field. i 
Zeros are automatically suppressed. 5 oe ) Leading 


N 


The permitted range for any number isa 2°* Pe 


Floating Point to Fixed Point Decimal 
Pseudo-op Example: DFP 8, 3, Oy. 2 Lie. Os 
7 6 


23. 22 21 20 15 14 12 11 10 


FORMAT 
WORD 
TOTAL WIDTH REPEAT N, NUMBER 
OF FIELD FACTOR MULTIPLYING OF 
FACTOR FRAC - 
(MAGNITUDE) TIONAL 
io t N DIGITS 
SIGN OF 
MULTIPLYING PRINT DECIMAL 
FACTOR POINT 
SIGN CONTROL 
1 = PRINT 
COLOR CONTROL 
O = BLACK 
1 = RED 
This pseudo-operation specified type or punch four values with 
multiplying factor|of 10 ~ and two fractional digits in an 
8-column field. It will print the decimal point, and sign, 
using the black ribbon on the typewriter. 
17 _ 16 
DATA 
WORD 
(BINARY 
FLOAT - EXPONENT FRACTION 
ING +40, 
POINT) 


<——__ Black typeout 


Conversion to 
Fixed Point 


Decimal » 


Four Blank Spaces for 
Eight-Column Field 


SIGN 


2075 
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8.1.16 


8.1.17 


Input Driver (IND) 


The Input Driver is entered from any of the following 
interrupts: 


I/O Device Ready 

I/0 Typer @DL Echo 

350 CPM Card Reader IDL Echo 
350 Card Reader Ready Interrupt 


° 


F DN 


IND initiates a card reader, paper tape reader, or 
I/O Typer request. Other functions accomplished by IND 
are: 


1. Resets diagnostic counts for I/0 Devices. 

2. Tests for an Input Demand from the 350 CPM 
Card Reader. 

3. Tests for a valid card read. 

4, Notifies the Corrective Action Diagnostic Program 
of a photo-cell card reader error. 


Input/Output Driver Program - I/0 Typer (ID) 


I@D is turned on by the Input Driver (IND). Selection 

codes and output characters for the I/O typer are stored 

one character per word in the Output Driver Table. Input 
characters from the I/0 Typer Paper Tape Reader or 70 CPM 
Card Reader, are stored one per word in the Input Data Table 
for the requesting program. 


When the end-of-tape, stop code, requested number of 
characters has been read, or if the input list is full, 
ID exits to the ECP. 


For I/0 typer input, an "IN" Command is given to unlock 
the keyboard. At the end of the record, I@D locks the 
keyboard and turns the Input Program on. 


Output Driver (@UD) 


On the AU2, @UD is entered from the @DL Echo Interrupt when 

a peripheral devices Driver Table is empty. Flags are reset 
when there is no conversion in progress for output typers, 
paper tape punches, card punches, or high speed printers. 


For the AU1, UD is entered from the Output Device Ready 
Interrupt when the previous output has been completed. Each 
device is assigned its own driver table and Q@UD outputs the 
next character unless the driver table is empty. If the 
table is empty, flags are reset when there is no conversion 
in progress for the output typers and paper tape punches. 
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8.1.18 Input Request Subroutine (INS) 


INS accepts input requests from the paper tape reader, 
card reader, or I/O typewriters. Input from more than 

one peripheral may be requested at any time. However, 
each device is limited to one request at a time. Each 
buffered request must be tested for completion of input by 
the calling function. 


The following calling sequence is used for Buffered 
Requests. A buffered request returns immediately to 

the "normal return" of the calling sequence after the 
read is initiated. During this time, the calling 
function may process the characters placed in the 
alternate input list by the previous read request. In 
this manner, the calling program may process one list 

of characters while the Driver is storing characters in 
another table in core. (This procedure drives the input 
device near maximum speed.) 


Buffered Input Request 


Variable Length Message 


(“STOP CODE —S> A-REGISTER Y oR LDZ (No Stop Character) 


SPB INPCOL 
DEL 1, INPUT ———> Starting Location of Data 
FOR 0,80 No. of Characters to be 
read (0 indicates to read 
Input Chars. Unavailable Ret.) until the Input Data Table 
on Drum Normal Return is full - variable length) 
Device Bad, 
Out-of-Service, or 
Input Device No. in use. See 


INCO1 List. 


DRUM 
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READ COMPLETION REQUEST 


SPB INPCO2 
CON G, 0 <§———__—- Device Number 


Bad Read Return 
Read Completed Return 


The requested number of characters has been read. 
A "Stop Code" was encountered. 

The end-of-tape was found. 

The calling function's input data list is full. 


A-REG 
CONTENTS 


POSSIBLE 
ACTION 


BAD READ 
REASON 


Parity Error 
Aborted by Operator 


Device Failed 
During Read 


Input Data 
List Overflow 


bit 5 No I/O Typer 
Stop Code 

bit 6 I/O Typer 
Request Aborted 

bit 7 1/0 Typer 
Time Abort 

bit 8 350 CPM 
Card Hopper 
Empty 


Select Alternate 
Input Device 


Remove from 
list before 
list is full. 


Initiate another 
input request 


Wait for operator 
to place cards 
in reader 
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8.1.18 Input Request Subroutine - Cont'd. 
When a non-buffered input request is made, the calling 
function is locked out until the read is completed or 
an error is encountered. 
Non-Buffered Input Request 
STOP CODE ———_> A-Register 
SPB INCO1 Th 
ae Re eee (0 = No Stop Character) 
g Starting Location of 
Input chars i“ Input Data List 


in core Unavailable or Bad Read Return 
Normal Return ee 
Input Device No. of Characters Requested 
Number (O = read until Input 


Data List is full.) 


A-REG REASON 
CONTENTS UNAVAIL. ACTION 
Select 
bit 0 Device Bad Alternate 
Device Select 
bit 1 Out -of-Service Alternate 
Device Set 
bit 2 in use Delay 
Device Failed Select 
bit 3 During Read Alternate 
Remove from list 
Input Data before list is 
bit 4 List Overflow full. 
No 1/0 Typer 
bit 5 Stop Code Quit 
1/0 Typer 
bit 6 Request Aborted | Quit 
1/0 Typer Initiate another 
bit 7 Time Abort input request. 
350 CPM Wait for operator 
bit 8 Card Hopper to place cards 
| 


Empty in reader 


Parity Error 


Aborted by 
Operator 


A flex code 177, acts as a true delete code and is skipped \ 
when reading paper tape. The delete code should not be used 
as the "stop" character. The stop code is used as the end-of- 
record indicator. For the I/0 typer, the right bracket is the 
end-of-record indicator. 


After the first character has been read on paper tape, ten 
consecutive blanks serve _as end-of-tape. 


8.1.19 


8.1.20 


Input Program (INP) 


After an input request has been completed, INP notifies the 
calling function of the completion. It also performs the 
following actions - resetting the flags for the input device, 
testing the "end" code of the input record, and notifying 

the calling function of an error. 


The following error messages may be initiated: 


1. NO STOP CODE (I/0 Typers only - Bit 5 is set in 
the A-Register, and INP returns to the calling 
function at the "bad read" return.) 


2. DEVICE n PARITY is typed for a paper tape reader 
parity error followed by the message, ENTER DATA 
VALUE XXX or ]. The operator may correct the 
error by typing the appropriate three characters 
on the I/O Typer or abort the request by typing 
a right bracket. For systems without I/0 typers, 
the operator may correct the error by placing the 
octal character in the console switches and pressing 
the "demand" button. To abort, lower switch 22 only, 
and press "demand". 


For an abort request, INP sets the A-Register to 


zero and enters the calling function at the "bad 
read" return. 


An "end" code (stop, abort, or end job character) is removed 
from the Input Data Table. 


Multiple Output Request Subroutine (M@R) - (Local Terminals Only) 


MOR permits requests for analog, decimal, or binary contact 
status to be made for the Multiple Output Distributor. M@R 
has the provision for normal, timed, and pulsed requests. 


Non-priority or priority calls can be made for each Multiple 
Output Request. In addition, an unlatch call can be made for 
a timed request. The required information must be loaded in 
the A and Q-Registers before the subroutine call is made. 


Information for each request is placed in its respective 
Priority or Non-Priority Driver Table. However, no informa- 
tion is placed in the Driver for a request to unlatch a 
previous request. In this case, a previous request is 


aborted before the requested time has elapsed. 


The operation delay time is the time required to transfer a 
command word from the A-Register to the M@D Command 
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Multiple Output Request Subroutine (MMR) (Cont'd.) 
Register and to initiate the transfer of data portion of 
the command word to the output function specified by the 


matrix address. 


The error return indicators in the A-Register are the same 
for all subroutine calls. 


Normal Requests 


23 8 7 6 5 0 
A-Register 
1 = CONTACT TO BE CLOSED GROUP NUMBER (0-63) 
QO = CONTACT TO BE OPENED 
OR REMAIN UNCHANGED 1 = RETURN AFTER 
OUTPUT IS 
COMPLETED 


; O = IMMEDIATE RETURN 
Delay Time 
= 4O ps o 
75 MS 
0 = 4™MS 
23 8 7 0 
Q-Register [DATA ee] 
a sssssSsSs388N ed 
1 = CONTACTS TO BE CHANGED INDEX TO THE MULTIPLE 
Q = CONTACTS TO REMAIN UNCHANGED OUTPUT DISTRIBUTOR 


(USED WHEN SYSTEMS 
HAVE MORE THAN ONE 
M.O.) 


SPB M@RCOl (Non-Priority Request) or SPB M@RCO2 (Priority Request) 
Error Return 
Normal Retur 


A-REGISTER POSSIBLE SYSTEM 
CONTENTS ERROR ACTION 


DRIVER LIST FULL Delay and try again. 
GROUP FAILED PREVIOUSLY Quit - try next output. 


OUTPUT FAILED (OVERLOAD) Hardware condition (2 groups addr'd,) 
INVALID GROUP ADDRESS OR Programming Error. 
M@D INDEX 


M.O. TIMER FAILURE No output may be done. 


a ke 


Timed Request 


A-Register Zo 87 65 0 

DATA ae MATRIX ADDRESS 
Se 
= CONTACT TO BE LATCHED 
0 = CONTACT UNCHANGED 


re 
I 


GROUP NUMBER (0-63) 


Operation 1 = RETURN AFTER OUTPUT 
Delay Time IS COMPLETED | 
1 = 40 ps or 
75 MS 
O= 4 MS O = IMMEDIATE RETURN 
23 8 7 0 
Q-Register 
NUMBER OF COUNTS FOR INDEX TO MULTIPLE OUTPUT 
RELAY TO REMAIN LATCHED DISTRIBUTOR (APPLICABLE 
(1 COUNT = 16-2/3 MS) ONLY WHEN A SYSTEM HAS 


MORE THAN ONE.) 


SPB M@RCO3 (Non-Priority Request) or SPB M@RCO4 (Priority Request) or 


Rever Return ~~ §PB M@RCOS5 (Unlatch a Previous 
Normal Return Request ) 
A-REGISTER POSSIBLE SYSTEM 
CONTENTS ERROR ACTION 
0 NO TIMER AVAILABLE OR Delay and try again. 


STACKING LIST FULL 

GROUP FAILED PREVIOUSLY 

OUTPUT FAILED (OVERLOAD) 

INVALID GROUP ADDRESS OR 
INVALID MOD INDEX 

M.O. TIMER FAILED 


Quit - try next output. 
Hardware condition (2 groups addressed) 
Programming Error 


No output may be done. 


23a 


Pulsed Requests 


23 8 7 6 5 0 
Matrix 
A-Register Data Address 


1 = Contacts to be closed 
0 Contacts to remain opened 


Operation Delay Time 
1 = 40 ps or 75 MS 
0 = 4MS 


Ready Signal 
1 = Return after output is completed 
O = Immediate return 


23 8 7 0 
Q-Register 
Number of counts for relay Index to Multiple 
to be latched Output Distributor 


(Applicable only when 
a system has more 
than one M.O.D.) 


SPB M@RCO6 (Non-Priority Request) or 
SPB M@RCO7 (Priority Request) 


Error Return 
Normal Return 


S355 


ae ea 


Multiple Output Distributor Driver (MDR) 


MDR is initiated by the MOD Interrupt to execute 
requests made by MOR. To output a request, the 
command word from the driver table is placed in the 
A-Register. The data is transferred to the location 
specified by the group address of the command word. 
The Multiple Output Distributor is then ready to 
accept another request. 


All output commands are initiated from the Priority 
Driver Table before information is taken from the 
Non-Priority Driver Table. 


For timed requests, a timer is activated. When the 
requested time has expired, MDR executes the unlatch 


command, 


For pulsed requests, a pulsed timer is started. 
When it expires, the contacts are opened. 
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So baee 


A-Registér 


SPB TC@CO1 


ERROR RETURN 


ij 
CONTENTS ERROR 


NORMAL RETUR 


Timed Contact Output Request Subroutine (TC@)- (Local Terminals Only) 


The Timed Contact Output Request Subroutine supplies the 
communication link for making requests through the Timed 
Contact Output Controller. The TC@ Output Command Word is 
stored in the Normal or Priority Output Driver Table. 


Timed Contact Output Request 


TCQ Command Word 


23 
# of Timing Pulses 


Time a Contact is 
to be closed 


(Normal Request) 


16 15 1 10.9 8 76 


or 


LT To] nate nares 


er of Timed O = Immediate 
Contact Return 
Controller 1 = Return after 
if more output is 
than one completed 
GE/PAC Pulse 
Output 
= Pulse Duration 
Output 
O = Move Setpoint Controller Down 


| md 
i] 


Move Setpoint Controller Up 


SPB TC@CO2 (Priority Request) 


Driver List Full 


Requested Group has 
failed on 2 consecutive 
overloads. 


Invalid Matrix Address 


Timer Failure 
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8.1.23 


8.1.24 


Timed Contact Output Driver (TCD) 


TCD uses the Timed Contact Output Controller for addressing 
and controlling timed contact output groups from the 
Arithmetic Unit. To output a request, TCD places the command 
word in the A-Register. The data is transferred to the 
location specified by the group address of the command word. 
The Timed Contact Output Controller is then ready to accept 
another request. 


All output commands are initiated from the Priority Driver 
Table before information is taken from the Normal Driver Table. 


Scan Request Subroutine (SCR)- (Local Terminals Only) 


The Scan Request Subroutine stores the addresses of the 
Scanner Command Word and Count Value Tables in a stacking 
table. The Scanner Commands are executed by the Scan Driver. 
SCR process normal or priority, buffered and non-buffered 
scan requests. A normal request is processed on a first 
in/first out basis. Priority requests are processed on a 
last in/first out basis. The system has the option of 
storing time of the completed scan as last word of scan 
request count table. 


233: 


8.1.24 Scan Request Subroutine (SCR)- cont'd. 


Buffered requests permit the Scanner to be driven near 
maximum speed by allowing a functional program to process 
one set of count values while another group of analog values 
is being scanned for the same program. 


SPB SCRCO3 (Normal Request) or SPB SCRCO4 (Priority Request) 

DEL J0,SCNTBA 

DEL/ \0, CNITBA 
Busy Retur (Stacking 
Normal ao 


Core fee 
Addresses \ SCAN COMMAND esa 
Only < TABLE "A" a 
‘ LEIP IE Tas 
aS 
PROCESS COUNT VALUES IN ~ ~ 
TABLE B. CONVERT, LIMIT ~ 


CHECK, ETC. = 


SCAN COMPLETE REQUEST SCRCO3 or\SCRCO4 
SPB SCRCO5 


Scan Incomplete 
Sean Complete 


Request scan for "B Tables and 
process new counts in "A" Table 


SCAN COMMAND 
TABLE '"'B" 


=39 


Core 
Address 
Only 


Count 
Value 
Scaled 
B17 


A non-buffered scan request locks out the calling program 
until the analog scan request is processed. 


SPB SCRCO1 (Normal Request or SPB SCRC02 (Priority Request) 
Past 0,SCNTBL 
Peet 0; COUNTS \_ 


Bus se (Stacking List Full) 
Scan Complete turn 


NS 


Voltage 
\ Scale 


COUNTS SCNTBL 
23 201918 17 3 
| IM* JADDRESS OF MATRIX IOC 


End of Scan Table 


4M = 0,2 - Single Input 
= 1,3 - Group Input 


Scaled Offset 
Corrected Count 


Pe 


If Integrating Converter: 
Converter Overflow Indicated 


8-Channel Scanner 


If Successive Approximation: 
Converter Overflow or 
Open Thermocouple 
Indicated 

Scanner Overload or 

Converter Overflow or 

Open Thermocouple Indicated 


If Integrating Converter: 
Open Thermocouple Indicated 


If Successive Approximation: 
o's Indicated 


SCNTBL 


23 22 20 19 3 2 0 


Thermocouple Ref- 


erence Junction 
Temperature Index 


a 
| 


= 0 (No Gain Optimization) 
= 1 (Gain Optimization on Single 
API or Single Channel Scanner) 


a 
I 


(Reference: Scan Command Word, Programming Techniques Manual) 


Os 


8.1.25 


8.1.26 


8.1.27 


Scan Driver (SND) 


The Scan Driver outputs Scanner Commands to a Driver 
Table. They are sent to the Scanner by an ODL or QUT 
Command. The count values are returned by an IDL or IN 
Instruction and stored in the specified table. The count 
values are converted, offset corrected, and scaled before 
storing. After all requested points have been scanned, 
the calling function is turned on. 


Scan Offset Program (SCF) 


The analog readings of the shorted pair are obtained 
for each voltage scale. This new offset is calculated 
from the weighted average of the current reading and 
four previous offset values for each voltage scale. 


Corrective Action Diagnostic (CAD) 


CAD performs peripheral, drum, disc, multiple output 
distributor, scanner, and timed-contact output corrective 
actions for the GE/PAC Monitor. Corrective action is 
taken for the following peripherals: 


100 CPM Card Punch 70 CPM Card Reader 
350 CPM Card Reader Output Typers 
300 LPM Printer 1/0 Typers 


Paper Tape Punch 
Paper Tape Reader 


Corrective actions are as listed: 


1. Substitute an alternate output peripheral when 
an output peripheral fails. 

2. Permit operator recovery for the 350 CPM Card 
Reader and 100 CPM Card Punch. 

3. Reset device flags and switches for the failed 
device. 

4. Turn on any programs "locked out" for the failed 
device. 

5. Type alarm messages indicating the exact location 
of the failure, when possible. 


After the necessary actions are completed, CAD turns 
itself off and exits to the ECP. 


oe 
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8.1.29 


8.1.29.1 


Initialization Routine (INZ) 


INZ initializes the start-up conditions for a Mcnitor 
System. Initial storage, switches, and variable locations 
are set for Monitor and Compatible Programs. 


Each system should add its own system initialization to 
this routine. 


To initialize an all-core system, the programmer must 
follow the outlined steps: 


1. Branch to the starting location of the 
Initialize Routine (37,). 


Press Console —>B. 

Turn key to "Automatic". 

Press "Step" button. 

Reset the "API Lockout" switch. 


mn & Wb 


For a drum/core system, follow these steps: 


1. Turn keyswitch to the "Manual" position. 

2. Set "API Lockout" switch to "Inhibit" position. 
3. Turn "Off/On" switch to "Initialize" position. 
4, Press "Program Load" button. 

5. Press "Demand" button. 

6. Turn keyswitch to "Auto" position. 

7. Press "Step" button. 

8. Press "Demand" button. 

9. Raise all console switches. 
10. Press "Demand" button. 

11. Set "API Lockout" switch to "Permit" position. 


The system time can be seen counting right-justified in 
the A-Register,. 


Console Switch On-Line Operator Program (PR) 

This program is used to communicate with the on-line service 
routines. Each routine is requested by using the Console 
Switches on the GE/PAC Console. (Reference: GE/PAC 4000 
Operator System Console Reference Manual, Library Control 
No. YPG29.) The following routines operate under @PR42: 
On-Line Memory Change with Punch Option (MCG) 


Types and/or changes memory contents. 
Records program changes by typewriter and paper tape. 


Shs 


8.242952 


8.1.29.3 


Selec ot 


8.142955 


81.29:.6 


Sic b29.7 


8. 1.29.8 


cea eye Ae 


On-Line Loader (LDR) 


Transfers information stored on paper tape into memory. 
Compares memory contents with tape information. 
Relocates tape information when storing into memory. 
Loads pre-assembled library subroutines. 


On-Line Dump (LD) 


Punches memory contents on paper tape. 
Types memory contents on the Console Typewriter. 


On-Line Clock (CLK) 
Resets the system time. 
Updates the program execution times and auxiliary time 
counters based on the new system time. 

Program Status (PST) 
Initiates or stops the execution of functional programs 
operating under MONITOR control. 
Locks out any functional program preventing it from 
being turned on. 
An option, which permits a program to be turned on at 
a designated time, is also available. Without this 
option, a program is turned on immediately. 


Peripheral In/Out of Service (PQS) 


Removes peripheral devices from service without an 
alarm notification. 


Restores failed or out-of-service peripherals to service. 
On-Line Paper Tape Duplicator (DUP) 
Duplicates paper tapes. 
Extract Load Tape Program (XLT) 


Produces a bi-octal tape from the PAL output symbolic 
tape. 


PAL GE/PAC Assembler (PAL) 
Assembles symbolic programs punched on paper tape or 


cards. Types an assembly listing. 
Produces a bi-octal paper tape. 


he 


8.1.29.10 PAL Correction Program 


Updates a PAL or FORTRAN language program by reading 
a tape containing changes to the program. Inserting, 
deleting, and replacing instructions are permitted. 
The revised program may be typed and resequenced by 
tens. 


8.1.29.11 Demand Scan (DSN) 


Assists in calibrating analog points by demand 
scanning of one analog point at a time. 


8,1.29.12 Controller Change (CCG) 


Changes the value of an analog point on the Analog 
Scan Controller. 


8.1.30 On-Line Operator System (I/O Typer) @PR43 | “ 


This program calls on-line service routines requested 
by the I/O Typewriters. The following routines may 
be called under QPR43: 


8,1.30.1 On-Line Memory Change with Punch Option for I/0 Typer (MCG43) 


Changes memory locations through the I/O Typer. 
Types the contents of memory locations. 
Punches a tape record of any changed location. 


8.1.30.2 On-Line Paper Tape Loader - I/0 Typer (LDR43) 


Transfers information stored on paper tape into memory. 
Compares memory contents with tape information. 
Relocates tape information when storing into memory. 
Loads pre-assembled library subroutines. 


8.1.30.3 On-Line I/0 Typer Dump (@LD43) 


Punches memory contents in the bi-octal format on 
the paper tape punch. 


Types or prints memory contents in the octal format 
on the I/O Typer or Printer. 


8.1.30.4 Clock (CLK43) 


Resets the system time. 


Updates the program execution times and auxiliary 
time counters based on the new system time. 
Establishes the date in the Monitor program. 
Types a record of the time and date change. 


chips 


621.9009 


8.1.30.6 


8.1.30.7 


8.1.30.8 


3. 1.30:9 


8.1.30.10 


8.1.30.11 


Program Status (PST43) 


Initiates or stops the execution of functional 
programs under MONITOR control. 

Locks out any functional program preventing it 
from being turned on. 

Supplies a time option which permits a program to 
be turned on at a specified time. Without this 
option, a program is turned on immediately. 

Types a record of all program status changes. 


Peripheral In/Out of Service (P@S43) 


Removes peripheral devices from service. 
Restores failed or out-of-service peripherals 
to service. 

Types a record of the service performed. 


Paper Tape Duplicator (DUP43) 


Duplicates paper tapes. 

Types an actal checksum of the tape characters 
duplicated. 

Issues error messages when parity or device 
failures are detected. 


Extract Load Tape Program (XLT) 


Produces a bi-octal tape from the PAL output 
symbolic tape. 


PAL GE/PAC Assembler (PAL) 


Assembles symbolic programs punched on paper tape 
or cards, types an assembly listing, and produces 
a bi-octal paper tape. 


PAL Correction Program 


Updates a PAL or FORTRAN language program by 
reading a tape containing changes to a program. 
Inserting, deleting, and replacing instructions 
are permitted, 

The revised program may be typed and re-sequenced 
by tens. 


GE/PAC FORTRAN Compiler 


Compiles GE/PAC programs written in the FORTRAN 
language. 

FORTRAN statements may be read from paper tape or 
cards. 

From the input, a paper tape is created for 
listing on the flexowriter or assembly by the PAL 
Assembler. 


Ae 


8.1.31 


8.1.32 


Find/Restore Working Core Area Subroutines (FMR) 


The Find Working Core Area Subroutine is used to find space 
for reading data from paper tape, scanning analog points, 
transferring a program segment, building an output data 
table, transferring an untested program of the Free-Time 
System, etc. When a space is found, this area is set to 
unavailable, occupied status. 


The Restore Working Core Area Subroutine releases an 
area by setting it unoccupied an available. 


To find a working core area, 


LDA Number of Locations 

SPB FMRCOL] 
Unavailable Return 
Normal Return with the location of the free 
core area in the A-Register 


The "Unavailable Return" is taken when a working core area 
is not available. The system programmer, at this time, 
should set a delay and then initiate another FMRCO1 sub- 
routine call. 


To release a working core area, 


DLD A-Register with the Number of Locations 
Q-Register with the starting core location 
SPB RMRCO1 
Normal Return 


Run, Stop System Subroutine (RMP) 


RMP requests transfers for system subroutines from drum 
or disc into a working core area. After transfer, RMP 
branches to the first location of the subroutine. When 
the subroutine has completed its functions, RMP releases 
the working core areas and returns to the calling program. 


To request a system subroutine, 


Set program area unavailable. (See MAP) 
DLD A-Register with the drum location 

Q-Register with the number of words 
SPB RMPCO1 

Busy Return 

Normal Return 


ie 
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Run, Stop System Subroutine (RMP) - cont'd. 


To release its working core area, the subroutine must 
know its own size and its present core location. 


DLD A-Register with No. of Words 
Q-Register with Core Location 

LDX Return,2 

SPB SMPCO1 


If the requested program is busy with another request, 
return is made at the busy return. If either FMRCO1 or 
DTRCO2 is busy, a quarter second delay is initiated in 
the calling program, and the request is re-initiated 
after the delay. 
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APPENDIX A 
MONITOR PSEUDO-OPS 
Pseudo-ops defined by MONITOR are: 


BCD - Binary to 6-Bit BCD 

BCN - Binary to Non-Edited Character 

CLK - Clock 

DEL - Delay and Drum/Core Addresses 

DFE - Floating Point to E Type Floating Point Decimal 
DFP - Floating Point to Fixed-Point Decimal 

DFX - Binary to Fixed-Point Decimal 

FBB - Binary to 4-Bit BCD 

FOR - Peripheral Device No. and Message Area No. for Output Calls. 
OCT - Binary to Octal (integers) 

PRG - Maintains REGSTG and RSX Tables of ECP 

SIZ - Size of Program 


The BCD, BCN, CLK, DFE, DEP, DFX, FBB, and #CT pseudo-ops are used 
with the Output Program as format words. Refer to the Output Pro- 
gram, subcategories of 1.14, for explanation of these pseudo-ops. 
The DEL, FOR, PRG, and SIZ pseudo-ops are used in subroutine calls 
and are explained below: 


The DEL pseudo-op is used in the Scan Request, Input Request, Output 
Request, lst word of the 3-word Drum Transfer Request, and Set Program 


Delay Subroutine Calls. Coding examples and format are as follows: 


DEL 0, 15*SECND DEL 1, FMTB 


23 22 21 20 19 18 17 16 15 14 13 12 1110 9 8 7 6 5 4 3 2 +1 £=«0 


Delay in Seconds, Core or Drum Address, or Drum Address of 
a Three-Word Drum Transfer Group 


O = Area Unavailable for a delay call; core address; or 
drum to core transfer 

Area Available for a delay call; drum address, or 
core to drum transfer 


e 
It 


The FOR pseudo-op is used to specify the peripheral device number 
and message area number for output calls, or peripheral device 
number and number of characters to be read for input calls. 


FOR LIYPER, 0 FOR CRRDR, 22 


23 22 21 20 19 18 17 16 15 14 13 12 1110 9 8 7 6 5 4 3 2 «1 «0 


Peripheral Device 


Number 


Message Area Number in Q@UTCO1, gUTCO2, 
MUTCO3, PAVCO1, PAVCO2, PAVCO3, and 
PAVCO4 subroutine calls, or Number of 
characters to be read in INCOl or INPCO1] 
subroutine calls. 
A-1 


The PRG pseudo-op is used to maintain the REGSTG and RSX Tables of ECP 
and by the Turn Program Off Subroutine. It contains the flip-flop status 
of overflow, permit interrupt, test, next entry location, and memory 
fence. 


PRG 0, 1, 0, START 
PRG 0, 1, 0, START,O 


23:22 21.20 19 18 17 16.15.14 13:12 11.109. 8. 7 +6. 5 24 3 2 1. 


Memory Protect 


Next Entry Address 


Test Status 


O = Reset 


Permit Interrupt Status 
1 = Set 


Overflow Status 


For a Drum/Core system, if the next entry address is set to zero, the 
program begins at its first location. 


The SIZ pseudo-op specifies the required parameters for the second word 
of the three-word ECP Drum Transfer Group. 


SIZ 1, ‘15. 3: (400 (This pseudo-op tells the area availability 
status, Bit 23; save status, Bit 19; save 
status pointer index. Bits 18-14; and Size 
of the Program.) 


23 22 21 20 19 18 17 16 15 14 13 12 1110 9 8 7 6 5 4 3 2 1 «=O 


Save Status Size of Program 
Pointer Index 


0 = Temporary Storage is Not Saved; 1 = Temporary Storage 
is Saved 


= Area is Set Unavailable at ECP Entry 
Area is Set Available at ECP Entry 


re 
tH] 


DELCO1 
DELCO2 
DTRCO1 
DTRCO2 
FMRCO1 
FRPCO1 
INCO1 

INPCO1 
INPCO2 
MAPO1 

MAPO2 

MAPO3 

MAPO4 

M@RCO1 
M@RCO2 
M@RCO3 
M@RCO4 
M@RCO5 
M@RCO06 
M@RCO7 
@FFCO1 
@FFCO2 


gUTCO1 
@UTCO2 
gUTCO3 
PAVCO1] 
PAVCO02 
PAVCO3 
PAVCO04 
RMPCOL 
RMRCO1 
SCRCOL 
SCRCO2 
SCRCO3 
SCRCO4 
SCRCOS 
SMPCO1 
TCGCO1 
TCGCO2 
TPNCOL 
TPNCO2 


TPNCO3 


APPENDIX B 


COMMUNICATION CALLS 


Set Program Delay for A Specified Time Period 

Sets Program Area Unoccupied and Available During Delay 
Drum Transfer Request (Immediate Return) 

Drum Transfer Request (Drum Transfer Completed Return) 
Find A Working Core Area 

Find Register Pointer 

Non-Buffered Input Request 

Buffered Input Request 

Read Completed Request 

Core Map Maintenance - Set Area Occupied 

Core Map Maintenance - Set Area Unoccupied 

Core Map Maintenance - Set Area Unavailable 

Core Map Maintenance - Set Area Available 

Normal Non-Priority Multiple Output Request 

Normal Priority Multiple Output Request 

Timed Non-Priority Multiple Output Request 

Timed Priority Multiple Output Request 

Unlatch A Previous Timed Request 

Pulsed Non-Priority Multiple Output Request 

Pulsed Priority Multiple Output Request 

Turn Program Off Request 

Set Program Area Unoccupied and Available During the 
Time Program Is Turned Off 

Peripheral Availability and Data Area Output Request 
Normal Output Request 

Priority Output Request 

Peripheral Availability Request with Alternate Selection 
Data Area Availability Request 

Output Request which Places Request in Stacking Table 
Priority Request (Places Request at Top of the List) 
Request A System Subroutine 

Release A Working Core Area 

Normal Non-Buffered Scan Request 

Priority Non-Buffered Scan Request 

Normal Buffered Scan Request 

Priority Buffered Scan Request 

Scan Completed Request 

Release Working Core Area of A System Subroutine 
Normal Timed Contact Output Request 

Priority Timed Contact Output Request 

Turn Program On Request 

Turn Program On Request If Program Is Currently 
Turned Off 

Specifies Next Running Program 


APPENDIX C 


MONITOR SYMBOLS 


The following symbols are defined by Monitor, and should not be defined by 
the programmer: 


ALERT 


ALTFLG 


ALTTBL 


ALTTB2 


AUXTM 
AVLMAP 
BAD 


CORMAP 
DMCRN@ 
DTAREA 


DVC@DE 


FAILUR 
pos 


PRIGND 
PROCFG 


PROG 


PROGND 
SECND 


SELECT 


Peripheral Activate Flag 
The peripheral device priority number corresponds to 
the associated bit. 
Example: Device #3 = Bit 3 of Flag 
No Alternate Device Flag 
This flag shows that an output message for the requested 
output peripheral has no working alternate, therefore, 
the output message was destroyed. 
Example: Device priority number i corresponds to 
Dit: i. 
Primary Alternate Device Priority Numbers for Peripheral Devices 
The alternate for device priority number i is found in ALTTBLt+i. 
Example: Priority Device #5 = ALTTBL+5 
Secondary Alternate Peripheral Substitution Table. Provides 
another alternate table in the event a secondary alternate 
peripheral device is required. 
Table of Auxiliary Time Counters 
Available Area Map 
Peripheral Device Failure Flag 
The peripheral device priority number corresponds to the 
associated bit. 
Example: Device #4 = Bit 4 of Flag 
Occupied Area Map 
Three Times the Running Program Number 
Data Area Bit Word 


Area j corresponds to Bit i-l 


Area 2 = Bit l 
Area 3 = Bit 2 


Example: 


Device Codes 
A table of hardware addresses and classification codes for 
peripheral devices arranged in descending order. 
Example: #0 = Highest Priority Device 
Peripheral or Hardware Failure Device Flags 
Peripheral Device Out-of-Service Flag 
The peripheral device number corresponds to the associated bit. 
One Times the Running Program Number 
Output Peripheral Device-in-Progress Flag 
The peripheral device number corresponds to the associated bit. 
Program Execution Times 
The table starts with Program No. l. 
Eight Times the Running Program Number 
One second in real-time counts: 1 = One second system; 2 = One-half 
second system; 4 = One-quarter second system, etc. 
Peripheral Action Flag 
The peripheral device number corresponds to the associated bit. 


APPENDIX C 


MONITOR SYMBOLS 


STSMAP - Occupied Save Status Area Map 
TIME - Time in System Counts (Cleared at Midnight) 
WAITFG - Output Peripheral Message Completion Flag 


The peripheral device number corresponds to the associated bit. 


WAITRQ - Number of Words Reserved in the Stacking Table for Output 
Peripheral Message (each output request requires two words 
in the table). 

This table is indexed by device priority number. 
ZFER - Number of Drum Transfer Requests Waiting for a Program 


This table is referenced by program number. 
Example: Program 7 = XFER+7 


APPENDIX D 


MONITOR ASSEMBLY CHECKLIST 


In building a Monitor system, the programmer must define the 
specific parameters and system options. The following check- 
lists are used to specify these parameters. When the check- 
lists are completed, send them accompanied by the interrupt 
assignment for the system to the Programming Librarian. 


By judicious selection of system options, it is possible to 
acquire a Monitor which contains only those capabilities that 
are needed for each application. The size of Monitor varies 
with the combination of options selected. 


Additional copies of the Checklist may be obtained upon request 
from the Programming Library. 


Library Control No. 
Programmer's Name 


Date 
SYSTEM PARAMETERS (ALL EQL's must have an assigned value.) SYMBOL | sympo. | BQ | VALUE 
SS = 
1. IS YOUR SYSTEM FOR 1. AUl GE/PAC 4040) Drum/Disc Core | 
(check One) 2. AUL (GE/PAC 4040) All-Core 
3. AU2 (GE/PAC 4050/4060) Drum/Dise Core | 
4. AU2 (GE/PAC 4050/4060) All-Core Bi 
| 


2. QUASIS - Check one or more depending on the system's need. 
Single-word floating point (AU2) 
Double-word floating point (AU2) 
Single word with Multiply Step (AU1) 
Single word without Multiply Step (AU1 or AU2) 
Double word floating point with Multiply Step (AU1) 


Is floating 


point being used in your system? YES ~ NO 


3. NUMBER OF COUNTS USED BY SYSTEM PROGRAMS 
Number of System Program to be turned on when a system 
count becomes negative. 


This program must be written by the System Programmer 


AA EQL 
APROGM EQL 
Option count. System calendar updating YES NO 


5. NUMBER OF FUNCTIONAL PROGRAMS HAVING SAVE STATUS. 
(Include Monitor Programs listed in 11.) 


NUMBER OF 8-WORD REGISTER STORAGE BLOCKS 
(Include Monitor Programs listed in 11.) 


€-d 


Library Control No. 
Programmer's Name 


en atc ee 


Date 
SYSTEM PARAMETERS (ALL EQL's must have an assigned value.) VALUE 
STARTING ADDRESS OF THE FLOATING WORKING CORE AREA BASE . EQL / 
(Starts after MONITOR and system permanent core 
and must be a multiple of 100g.) 
8. MAXIMUM CORE ADDRESS MAXC EQL / 
MAXIMUM DRUM/DISC ADDRESS MAXD EQL / 
9. NUMBER OF ON-LINE PERIPHERAL DEVICES E EQL 
Peripheral devices are typewriters, printers, card readers, 
card punches, paper tape punches, magnetic tapes, etc. 
. 10. STACKING TABLES, 1 per peripheral device 
One stacking table is required for each peripheral device (printer, Fo EQL 
magnetic tape, typewriter, or punch). The size of each stacking Fy EQL 
table must be a power of two (F;). The number of requests in each Fo EQL 
stacking table represents the number of concurrent outputs that F. EQL 
can be requested on a peripheral. Each request requires two entries. Fy, EQL 
The actual size of the stacking table is equal to F;. For four Fs EQL 
concurrent requests on device 2, the stacking table must have eight F¢ EQL 
locations. The following peripherals (input) require no stacking Fo EQL 
tables: (Assign zero for these peripherals). Fe EQL 
Fy EQL 
70 CPM Card Readers Fio EQL 
Paper Tape Readers Fai EQL 
350 CPM Card Readers Fio EQL 
Recommended sizes for the other stacking tables are: Fi3 EQL 
Paper Tape or Card Punches - 4 Fig | EQL 
Printers 8 | 
I/O Typers 8 Fis | EQL 
Output Typers 8 or 16 


Magnetic Tapes 4 


y-q 


Library Control No. 
Programmer's Name 
Date 


SYSTEM PARAMETERS (ALL EQL's must have an assigned value.) SYMBOL VALUE 


PROGRAM NUMBERS 


Output Program G 

I/O Driver L@DPRG 
Scan Offset Program SCF 
Input Program KNMBR 
Corrective Action Program L 
Console Switch Operator Program S 

1/0 Typer Operator Program Ss 


SIZE OF SYSTEM INITIALIZATION 


Do not include Monitor initialization area. SINZTL 
13. MESSAGE TYPE OR STOP OPTION FOR DRUM/DISC FAILURE 

Device Address of typer for Drum/Disc Alarm ITCTYP 
14. NUMBER OF 50 OR 60-CYCLE PULSES IN ONE TIME COUNT INTERVAL NCYCLE 


This EQL defines the length of the time count interval for 
the system. The system time may be kept in seconds, 
multiples of seconds, or fractions of seconds. For 
example, in a 60-cycle system, a time count interval of 
1/4 seconds, NCYCLE would be fifteen. NCYCLE would be 
sixty for a one-second interval. 


[ 50-C¥CLE] 


Check 50 or 60-Cycle Pulse Required 


Library Control No. 
Programmer's Name 
Date 


ep eee nnn te eee nineteen mere sini tentitthttt eect rte tt RAS TELAT ES CE COT ED SO AO NR A OA oS 


SYSTEM PARAMETERS (ALL EQL's must have an assigned value.) 


15. OUTPUT PROGRAM INFORMATION 
Number of Lines Per Page of Printer Output 
(Specify lines for each printer.) 


16. ECP OPTIONS 
REGISTER POINTER TABLE YES 
Check this option if there are NO 
Programs within your system which have single 
word register storage or 8-word shared register 
storage. 


PRIORITY TABLE OPTION YES PRGTBL 
If program priority changing is NO 
desired, this table must be included in 
your Monitor 
DOES YOUR SYSTEM HAVE FIXED WORKING 
CORE AREAS? YES NO 
17. TURN PROGRAM ON S.R. CALL YES 

This optional call, TPNCO3, NO 

specifies which program to run next. 
18. UNOCCUPIES, AVAILABLE OPTION FOR SET PROGRAM 

DELAY AND TURN PROGRAM OFF SUBROUTINES 
DELCO2 Call YES NO 
@FFCO2 Call YES NO 


ae 


20. 


21. 


22% 


Note: 


If special action is required, define your 
system needs. 


Library Control No. 
Programmer's Name 


Date 
} SYSTEM PARAMETERS (ALL EQL's must have an assigned value.) SYMBOL | EQL VALUE 
FORTRAN 
DEVICE CODES - Priority Order #0-#15 Mtr. Priority 16-Char. Device Device Alt.|Alt |SUBMTR 
Priority levels must be established for each No. Name for CAD Address | #1 {#2  |NO. 
peripheral device. Devices which must be activated Q PCa Sane: Sane ie eee 
as soon as possible upon request are placed in the #1 eS SS Se ee 
highest priority. eens ey Reet! ee 
3 aerate A ER emeeieict nibh ies iecemunIO: 
The 16-character device name is used for alarming ___ #4 eee ee ee eee 
actions. #5 eee Seare ianey 
#6 aaa ae alee ail 
I£ the FORTRAN Submonitor is desired, fill in its 7 ee es Bas eee See Se 
device number. (System Option #20) FORTRAN #8 Sa (GOIN aan ay Re! 
peripherals are divided into three categories-Input, 9 ho noe 
Printing, and Punching Peripherals. Each category __ #10 7 - an 
begins with Device No. 0. 2 ee ee eae = 
me ae ian Done eins Mea ee, 
a a oe ee 
#15 eee eta a Me le ee eel 
Device Lines Lines to Top 
Prior.# | Per Page of Next Page 
IS THE PAGE CONTROL OPTION DESIRED FOR 
TYPEWRITERS? YES NO___ 
The lines per page is usually 58; lines to } 
top of next page is usually 8. 
IS THE ASCII CODE TO BE USED IN YOUR SYSTEM? YES ____NO aswe> ff 
CORRECTIVE ACTION DIAGNOSTIC PROGRAM 
Priority Number of Device for Operator Messages DTYPER EQL 
Check if corrective action messages should be 
printed in red. YES NO __ 
Check is special Multiple Output corrective 
action. YES NO 


£-d 


aera rn enna eee oe snes 


ra 


Bah ohn, dees 


SYSTEM OPTIONS 


ky 


Library Control No. 
Programmer's Name 


Date 

PROGRAM 

NUMBER 

fate lees esas tl 


CHECK SYMBOL 


y 
e 
omy 
ti 


INPUT 
Give the program number of the program which 


will be turned on if the Input Demand Button 
is pressed for the following peripheral 
devices: 


I/O TYPER #1 

~I/O TYPER 

Paper Tape Reader #1 
Paper Tape Reader 


70 CPM Reader #1 
‘70 CPM Reader #20000 
“400 CPM Reader #1 

400 CPM Reader #2 
If no program is associated with the Input 


Demand Button, place N/A for that device. 


4 
1 


ON-LINE OPERATOR SYSTEM (Console Switches) 

Priority Number of Console Typewriter 

Priority Number of Console Punch 

Priority Number of Console Reader 
This option is used for on-line debugging. The programs 
listed under the OPR System may be called during system 
operation. 


CTYPER EQL 
CPUNCH EQL 
RDR EQL 


*A, Memory Change - displays or changes the contents of 
memor 
*B. On-Line Loader - enters new programs or data from 
paper tape. 
*C. On-Line Dump - displays large blocks of memory 


* Requires the Octal Output Routine. 


8-d 


| SYSTEM OPTIONS 


| 2 
| 
| 


ON-LINE OPERATOR SYSTEM (Console Switches) - cont'd. 


D. 


On-Line Clock - updates the system time or initiates 


the system time according to the time of day. 
Option - Date YES NO __ 
Program Status - On/Off/Lockout - turns on, turns 
off, or “locks out' system functional programs. 
Option - Turn on Program at a specified time. 

YES NO > 
Device In/Out of Service - removes peripheral 
devices from service when making repairs or 
changing paper or ribbon and restores them to 
service upon completion of repair. 


Paper Tape Duplicator - duplicates a paper tape. 


Extract Load Tape Program - produces a bi-octal 
paper tape from a PAL output symbol tape. 


GE/PAC FORTRAN Compiler - Compiles GE/PAC programs 
written in the GE/PAC FORTRAN language. 


Demand Scan - scans one analog point at a time. 


Controller Change - changes the value of an analog 
point. 


Library Control No. 
Programmer's Name 
Date 


CHECK SYMBOL VALUE 


oe ee cee 


SYSTEM OPTIONS 


ce 


ON-LINE OPERATOR SYSTEM (1/0 Typer) 
Priority Number of Console Punch 
Priority Number of Console Reader 
Device Priority Numbers of I/O Typers which may 
communicate with @PR. 


The following programs may be called under the I/O Typer 


@PR. 


A. On-Line Memory Change - displays or changes memory. 
B. On-Line Paper Tape Loader - enters new programs or 
data from paper tape. 
C. On-Line I/O Typer Dump - types and punches 
memory contents. 
D. On-Line Clock - resets the system time and 
updates the program execution times and 
auxiliary time counters. 


Option - Date YES NO 
E. Program Status - On/Off/Lockout - Oe ee 


t 


ener, 


initiates, stops or locks out the execution 
of functional programs under MONITOR control. 
Option - Turn on a program at a specified 
time. YES NO __ 
F. Peripheral In/Out of Service - removes 
peripheral devices from services or restores 
failed or out-of-service peripherals to 
service. 
G. Paper Tape Duplicator - duplicates paper 
tapes issuing error messages when parity 
or device failures are detected. 
H. PAL GE/PAC Assembler - assembles symbolic program(s 
punched on paper tape or cards. 
Symbolic Table Size 
Indicate line spaces, if different than 112 


I. PAL Correction Program - Updates a PAL or 


on FORTRAN Language Program. 


J. GE/PAC FORTRAN Compiler - Compiles GE/PAC Programs 
written in the GE/PAC FORTRAN language. 


Library Control No. 
Programmer's Name 
Date 

CHECK SYMBOL EQL VALUE 


CPUNCH EQL 
RDR EQL 


TBLSZE EQL 
PRMTR EQL 


OI-d 


SYSTEM fsysremoprions sid 


4, AUXILIARY TIME COUNTERS (Number of Auxiliary Time 
Counters) 


This option must be chosen if there are functional 


programs in the system which initiate themselves 


at regular time intervals and are also initiated by 


system or operator demands. The regular time 
interval should be saved in an auxiliary time 
counter. 


FLOATING POINT CALCULATIONS AND OUTPUT (Requires BDC41) 
Select this option for making calculations in floating- 
point and converting to decimal fixed point or to code 


in FORTRAN. 


BINARY E TYPE FLOATING POINT (Requires BDC41) 
Select this option for converting binary floating 
point data to decimal floating point. 


DECIMAL FIXED-POINT OUTPUT (Requires BDC41) 
This option converts binary data to fixed-point 
decimal format for output. CAD requires this 
routine, 


8. OCTAL OUTPUT 
This option must be used to output binary data in 


octal format. The Memory Change, On-Line Dump and 


On-Line Loader Routines require this option. 


ALPHA-NUMERIC CHARACTER OUTPUT (6-Bit BCD) 
If alphanumeric messages are required using 
6-Bit BCD data (four characters per word), 
this option must be checked. The On-Line OPR 
and CAD require this option. 


oat renters cenen eine anne 


Library Control No. 
Programmer's Name 
Date ——“‘ ‘“C™O 


TT-d 


SYSTEM OPTIONS 


10. 


13. 


Library Control No. 
Programmer's Name 
Date 


‘ CHECK SYMBOL VALUE 


NON EDITED CHARACTER OUTPUT (One Character Per Word) 
This option is used for non-standard character 
formats. It is required by the OPR Systems, 
Memory Change, and On-Line Dump. 


TIME OUTPUT 
Select this option to convert system time counts to 
hours and minutes or hours, minutes and seconds 
in decimal. CAD requires this option. 


4-BIT BCD CONVERSION 
This option converts binary data to four-bit 
BCD information. 


MULTIPLE OUTPUT DISTRIBUTOR 
Select this option if your system has a 
Multiple Output Distributor. Each multiple 
output request requires two entries in the 
appropriate driver table 


Number of Multiple Output Groups per 
Controller 


IXGRP3 EQL 
Total Number of M@D Controllers in System a MT@OTAL i: ee 


Device Address for Controller #1 Ret. 

Device Address for Controller #2 a BS ee ts 
Device Address for Controller #3 
Device Address for Controller #4 


Size of Normal Multiple Output Driver Table eae! M@DNMB 
Size of Priority Multiple Output Driver Table | | MOTNMB 


Option-Time Latching YES NO 
This option requires 2 extra API's - 
60-Cycle DMT and 60-Cycle DMT Echo. 


“ Number of Latched Output Timers 
(Maximum of 24) TMNBP . EQL 


Z1-d 


Library Control No. 
Programmer's Name - 
Date 


| SYSTEM OPTIONS 


| 13. MULTIPLE OUTPUT DISTRIBUTOR (cont'd) 
| Location of 60-Cycle DMT for M@ Timin 
| Option-Pulsed Motor Y NO 
This Option requires 3 extra APL's 
| 60-Cycle DMT, 60-Cycle DMT Echo, and 
a non-inhibitable @FS. 
Location of 60-Cycle DMT for M@ Pulsing 


14. TIMED CONTACT OUTPUT CONTROLLER 
Select this option if your system has a Timed Contact 
Output Controller. Each timed contact output request 
requires two entries in the appropriate driver table. 
TC@ Controller Address 
Number of Timed Contact Output Groups 
Size of Normal Timed Contact Output Driver Table 
Size of Priority Timed Contact Output Driver Table 
(Recommended “Size - 8 or 16) . 


15. ANALOG SCAN 

Scan Controller Address 

Largest Group Mode Used (Number of Channels) 

Scan Command Words for Offset Points 

(The Scan Offset Program is required 

Include this program on your ECP Information Sheet.) 

Check Type of Amplifier 
Preston High 
Preston Low 


Vidar Integrating Converter 


SCNGRP 
SFSCWO 
SFSCW1L 
SF SCW2 


~ 


€I-d 


| SYSTEM OPTIONS 


15. ANALOG SCAN (cont'd) 
Options: Add the Reference Block Temperature for 


thermocouples. YES NO __- 
Store time of day as the last word of the 

Count Table YES NO _ 
Gain Optimization (Used only for a single channel 
scanner) YES ___—*NO 


Check if buffered scanning is desired. 

Buffered requests permit a functional program to 
process one set of count values while the Driver 
is scanning another set. 


Is interruption of the current scan request for a 
priority scan request required? (AU1 single API) 
YES NO 
16. OFF-LINE DRUM/DISC CORE MEMORY CHANGE 
This option displays or changes memory off-line - 


17. CHARACTER SET (Check One) 
1. 4201A - Peripheral Buffer 
4201B - Peripheral Buffer 
ASCII 


18. FIND/RESTORE WORKING CORE AREA 
This option searches for a working core area and 
sets it unavailable or restores an area by setting 
it available. 


Library Control No. 
Programmer's Name 


Date 
CHECK SYMBOL VALUE 


SFSCW3 
SFSCW4 


SFSCWS5 
SFSCW6 
SFSCW7 


~ OE 


41-d 


Library Control No. 
Programmer's Name 
Date 


SYSTEM OPTIONS CHECK |SYMBOL VALUE 


(Sian eres Er Pf ff 


Check this option for finding space for a 
system subroutine stored on drum or disc 
and runs it in working core. 


20. FORTRAN SUBMONITOR 
Check this option to communicate to MONITOR through 
FORTRAN. FORTRAN Submonitor also requires 


option 18 and 19. Check the desired options: 


Input 

Decimal to Binary 
Card Input 
Output 
I/O Availability 
Drum Read/Write 
Subroutine Linkage 
Computed GO TO 
Assigned GO TO 
Data Link 


If the free-time system is required, all options 
with the exception of data link, must be included, 


21. INTERRUPTABLE SYSTEM SUBROUTINES 
If there are subroutines within the system which 
must run with interrupt permitted (due to length) 
and are used by more than one functional program, 
they must follow special entry and exit conven- 
tions. When this is the case, this option must 


be selected. 


PROG. 
PRIORI- 
TY NO. 


a 


i) 


to 


a 


1S) 


oO 


~ 


ee) 


Library Control No. 
Programmer's Name 


Date 
NAME o |p fr |v |pRUM/DISC # WORDS OF [* *(d) 
v |A |S |M |ADDRESS : ITC & DID |PROGRAMS 
R{I/vT |F STATUS | PROG. ADDRESS AREA STORAGE |INTERRU.£ |RESIDE IN 
F/FIF IF RETURN PERM. CORE*** 


*Place a checkmark (VV) in the corresponding column marked with an asterisk if: 


a) 
b) 
c) 
d) 


ded 


Area status is available 

Save status is required 

8-word register storage is required 

Interrupt Time Counter and Drum/Disc Transfer Complete Interrupts return to ECP. 

Applies to Drum/Disc Systems. Insert starting core address in the drum/disc address column for 
these programs. ; 


APPENDIX E 
AUDIT CODES 


Following is a list of Monitor Audit Codes and the Psuedo-Ops they define. 
For a more detailed discussion of Psuedo-Op subroutines, refer to the 
appropriate Monitor User's Manual section shown opposite each mnemonic. 

See page 27 (Appendix C) of Process Assembler Language Manual for additional 
information relative to Audit Codes. 


Section/Page 

Reference Psuedo-Op 

1.14.3 BCD ¥*DEF /40000000, 30, 28, 29, 31 

1.14.4 BCN *DEF /50000000, 38 

1.14.6 CLK *DEF /60000000, 63, 25, 26, 28, 29, 31 

A-1 DEL *DEF /00000000, 16, 9, 0, O 

1.14.7 DFE *DEF /10000000, 63, 38, 37, 28, 34, 33, 32, 21 
1.14.8 DFP *DEF /00000000, 63, 38, 37, 36, 35, 34, 33, 32, 31 
Lela DFX *DEF /20000000, 63, 38, 37, 28, 34, 33, 32, 31 
1.14.2 FBB *DEF /70000000, 63, 38, 37, 34, 32, 31 

A-1 FOR *DEF /00000000, 27, 3, 0, O 

1.14.5 OCT *DEF /30000000, 38, 37, 34, 31 

A-1 PRG *DEF /00000000, 63, 13, 14, 15, 1, 39 

A-2 SIZ  *DEF /00000000, 16, 39, 40, 3 


Assigned Monitor Audit Codes 


25 *DEF /1, 18 
26 *DEF /1, 15 
27. *DEF /777, 15 
28 *DEF /37, 7 
29. *DEF /77, 1 
30 *DEF /777, 12 
31 *DEF /1, 0 

32 *DEF /1, 1 

33. *DEF /1, 2 

34 *DEF /17, 3 
35 *DEF /17, 7 
36 *DEF /1, 11 
37. =*DEF /7, 12 
38 *DEF,/77, 15 
39 *DEF /1, 19 
40 *DEF /37, 14 
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INTRODUCTION 


GE/PAC TASC (Tabular Sequence Control) is a two-pass 
assembler program which provides efficient symbolic 
programming capabilities for coding sequence routines. 
GE/PAC TASC is advantageous to any assignment which 
requires a sequential progression of steps to control 
a continuous process. These steps may be in fixed 
sequence or alternate predetermined sequences depend- 
ing upon the process at specified times and/or con- 
ditions. It is unlimited in the number of steps per- 
mitted, subject only to the size and flexibility of 
the computer being used and relationship of other 


functions requiring memory. 


GE/PAC TASC operates from a table which provides the 
variables which are distinctive to a particular plant. 
Initial coding and final documentation of the sequences 
are in an understandable language. Minimum training is 
required for personnel to effectively use the language, 
either for initial coding or updating operating programs. 
When completed, the final documentation is expressed in 
terms easily understood by plant personnel without com- 


puter programming background. 


weV7 oo 


GENERAL 


GE/PAC TASC (TASO3) compiles TASC language programs and 
saves the data on an Output File Tape. It also updates 
programs on an Input File Tape as specified by the con- 
trol and correction cards. Changes to existing programs 


are accomplished on a match/merge basis. 


The following processing operations may be performed by 
TASO3 using the control cards described herein: 
1. Assemble one or more new programs, creating a 
new Output file tape or adding to a current tape 
2. Modify existing programs on an Input file tape 
3. Delete existing programs from an Input file tape 
4. Prepare a common EQL tape from several assemblies 


5. Prepare a point summary tape from input cards 


Programs written in the TASC language may be interspersed 
with PAL, COOL, FORTRAN, etc. language programs on an 
Output file tape. Interspersing is possible because each 
program has its own project=program number. TASC will 


copy TSR programs; TSR will copy TASC. 


1 STATEMENT FORMAT 


TASC language cards include both TASC statements and PAL 
commands. Input information is written on the "TASC Coding 
Form" (Figure 1). Each line on the coding form represents 
one instruction to the assembler. All GE/PAC instructions 
are valid except those concerned with input/output. The 
only valid PAL pseudo operations are BRT, CON, DCN, DEF, 
and EQL. The format and restrictions or conventions for 
PAL records are contained in the "Process Assembler Lan- 


guage" manual. The coding form is composed of fourteen 
fields defined as follows: 


Tet 


ded 


1.3 


1.4 


1.5 


1.6 


LOCATION FIELD - Columns 1 thru 6 


This field is used to identify the instruction location. 
A name written in this field becomes associated with the 
instruction written on the same line. Any reference to 
the instruction may be made by that name. Names used in 
this field must consist of six of fewer characters, the 
first of which must start in column one. A decimal is 
considered as an alphabetic character in this context. 


COLUMN 7 IS NOT USED 
OP CODE FIELD - Columns 8 thru 10 


This field contains a two or three character operation code 
which identifies the operation to be executed. The legal 
operations are defined in Section 3 (page 9 through 54). 
Refer to the "Process Assembler Language” manual (YPG12M) 
for straight-line coding techniques. 


POINT IDENT FIELD - Columns 11 thru 16 


This field contains a six-character alphanumeric symbol 
which is the name of the point in the point summary table. 


STATUS FIELD - Column 17 
A single character in this field designates the desired 
status of the input: 

H = High @ = Open 

L = Low C = Closed 
VALUE FIELD - Columns 18 thru 23 
This field is used to enter the numeric value required by 
the specific TASC op-code. Formats are: 

XXXXXK, XXXX.X, XXX.XX, XX.XXX, X.XXXX, and .XXXXX 


The number is right justified; leading zeros not required. 


TRY FIELD - Columns 24 and 25 
This field designates the number of times to ask a question 


[= 


1 


ie 


Ls 


af 


-10 


-11 


akZ 


eL3 


-14 


or execute a designed path of coding. Right justified; 
leading zeros not required. 


DELAY FIELD - Columns 26 thru 29 


A value (minutes, seconds, or fractional seconds) in this 
field designates the length of time for a program delay. 
Formats are: XXXM, XXXS, X.XS, or X.XX. The last format 
is assumed seconds. The decimal point must appear in col- 
umn 27 when used. Right justified; leading zeros not re- 
quired. 


A FIELD - Columns 30 and 31 
This field contains the previous breakpoint number. 


B FIELD - Columns 32 and 33 
This field contains the current breakpoint number. 


TYPE FIELD - Column 34 


An alphabetic character appearing in this field defines the 


type of alarm specified by a system. Acceptable codes are 
A or P which correspond to O and 15 in output. 


ABNORMAL RETURN FIELD - Columns 35 thru 40 


This field contains the symbolic location of the path for 
the analyzing subroutine when the condition of input is 
not as specified. This field is also known as the Branch 
Field. 


COMMENTS FIELD - Columns 41 thru 69 


This field is used at the descretion of the programmer to 
make remarks associated with each instruction. 


KEY FIELD - Column 70 


A character in this field designates the language or a 
change for the line of coding on which it appears. The 
two characters used when coding in TASC are: 

8 = TASC language 

O = Delete 


IDENTIFICATION FIELD - Columns 71 thru 80 


The project-program number is written in columns 71 thru 
75. Sequence numbers appear in columns 76 thru 80. 
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FIGURE 1 


2 CARD FORMATS & DESCRIPTIONS 


The card formats used with GE/PAC TASC are described in the 
following paragraphs. These card descriptions illustrate 
the information required on each, Information which remains 
constant is printed on the coding line; other requirements 
are bracketed. 


2.1 The JOB control card is the first card in every input deck 


processed. Columns 31-68 are printed as the heading on the 
printer output unless/until an HDG control card is encountered. 


+ 
8 9 10/11812 13 14 15816 17 18 39 20 21 22 23 24 25 26 27 28 29 +} 32 33 34 35 36 37 38 39 40 41 42 ade 46 47 48 49/50 S51 52 53 54/55 56 57 58 ns 62 63 64165 66 67 of 70| 71 ralra 74 75)76 77 76 79 “ 


123 4 5SE6 


ID for Input File Date, Programmer Name, 
Operator Tape # for Project Name, etc. 
corrections 


or additions 


2.2 The TSK control card precedes each program of TASC language cards. 


1234 56 8 9 10 32.13 14.15 16917918 19 20 21 22)23 24 25 26 27 28 47 48 49/50 St 52 53 54/55 56 57 58 59160 61 62 63 64165 66 67 68 69] 70}71 72173 74 75/76 77 78 79 BO 
oot oo ca 


33 3443543 37 38 39 40 41 42 43|aalas 46 


Proj-Prog Resequence and S=Resequence Blank=Clear Blank= No Blank = 

# of input start with this L=Change Proj-  EQL tables. EQL tape No EQL 

cards and/ number if col. Prog # Character = input. tape out- 

or tape 29 is S. Change Blank = Do not Save previous Character = put. 
Proj-Prog to resequence or EQL tables. Use system Character= 
this number and change Proj- EQL tape. Write 
resequence start- Prog # system EQL 
ing at 00010 if tape 


col. 29 is L. 

If blank, re- 

sequence and 
start with 00010 
if col. 29 is S. 
(Ignored if col. 
29 is blank.) 


Note: It is possible to resequence and change Project-Program number 
on initial assemblies. 


Ey soe 


2.3 The HDG control card is used to change the heading on subsequent 


printer output. It could be used preceding each assembly if 
required. 


123 4 56 He 9 VOITE 1213 24 15 16 17 18 19 20 22 22 23 24 25 26 27 28 29 7 32 33 34 35 36 37 38 39 40 41 Pr 45 46 47 48 49/50 51 52 53 54/55 S6 57 58 59/60 61 62 63 64165 66 67 aie 722:72/73 74 " 77 78 79 80 


New heading for each page of output 


2.4 The DEL control card is used to delete a program from the 
Input File Tape. 


123 4 5 +b 9 sofa 1415 16 #17 18 19 20 22 22 23 24 25 26 27 28 29 30 31 sanuarzareuasdeacesasssbsrarenoedesowsbabunbonnd 


Proj-Prog. # of program to be deleted 


2.5 The DLF control card is a special card for block deletion of 
magnetic tape records, 


be 364 °5 sl7|s GF 1O}93H12 13 14 15 16917 18 19 20 22 22 23 24 25 26 27 W 29 30 31 pansneasessadessadmiananararienoodenendsbnbnibennen 


Sequence # of last Proj-Prog. # 
record to be deleted 


Sequence # of first record 
to be deleted 


2.6 The TSK END card indicates the end of a point summary table 
generation or a TASC assembly. It must appear at the end of 
each assembly to indicate the end of pass l. 


123 4 5 +H 8 9 10}91 1233 14.15 16 17 18 19 20 22 22 23 24 25 26 27 28 29: 3% 31 Baus nenoasaddecsasba genes rareosedsaecshnannen nae 


2.7 The FIN control card indicates the end of the processing run. 
It appears following the last TSK END control card. 


I) 234 5 6|7| 8 9 10/81 1233 1415 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 le 46 47 48 “s 51 52 =f 56 S7 58 59}60 61 62 63 64/65 66 67 68 a 71 72)73 74 75|76 77 78 79 80) 


2.8 Point Summary Cards 


The point summary enables the programmer to refer to input points, 
output points, bits, and clocks by their identification number 
instead of location when coding in TASC. 


Point summary cards are used to create the point summary table 

on magnetic tape which is used by all TASC assemblies for a 

given system. When the tape is created, the table is also loaded 
on drum for use by the compiler. On subsequent processing runs, 
it is called by the first program to be assembled and is retained 
on drum throughout the processing run. 


2.8.1 The TSK POINT control card is used to create a point summary 
tape from point summary input cards and precedes the point 
summary cards. The point summary table is placed on drum 
during card processing. 


Te ee 13 14.15 16 17 18 19 20 21 22 23 24 25 26 27 MB 29 0} fs2 39 34 35[s6}o7 38 39 40 41 42 43/44/45 46 47 48 49/50 51 52 53 54/55 56 57 5B 59160 61 62 63 64/65 66 67 68 69|70] 71 72|73 74 75 76 77 78 79 80 
me 
SK} PGINT \ | 


Blank = No aul Blank = No printer listing. 
summary input tape Character = List point 

to update. summary on printer. 
Character = Update 

previous point 

summary tape. 


2.8.2 Input Format 
i 23 4 5 6px ps |ofvolisi2 vaafis rh hafig 20 21 22 23 24 25 26 27 BA 29 BG 31 32 33 34 35 36 37 38 39 40 41 42 43) 44/45 46 47 48 49150 51 52 53 54 


7of71 72173 74 75}76 77 78 79 89 


55 56 57 58 59/60 61 62 63 64/65 66 57 68 69 


Point ID: d=Octal Proj- 
Any combination Position No: psDecimal Prog. 
of alphas, Group No: 2 character and 
numerics, and Type: 4-character position no. 8=TASC seq. 
blanks to be used A = Analog group no. octal or 0=Delete! nos. 
as identification B = Bit Octal or decimal as 
throughout system. C = Clock decimal as specified by 

D = Digital specified by col. 18 

E = Conditional col. 18 

Alarm 


Note: All fields on point summary cards are right justified except 
Point ID, which is left justified. In all numeric fields 
leading zeros are not required, and if zero is desired, the 
field may remain blank. 


2.8.3 Qutput Format 


Module No: 

0 = First 64 groups 
Second 64 groups 
Third 64 groups 
Fourth 64 groups 


1 
Z 
S 


Point ID: 

Any combination 

of alphas, Number of pulses Set Point 

numerics, and (type 4 only): Indicator 

blanks to be 3-character decimal (types 4 and Proj-Prog 

used as identifica- number 1 - 256. 5 only): and 

tion throughout Pulse count for 0 = Down or None sequence 

system. TOC output. 1 = Up numbers, 
f»- Na 


Type Group or Point Position 8 
0 = Magnetic Latching Relay MOD Point Address: Mask (types 0 0 
1 = Non Latching or Pulse MOD 3-character and 1 only): 

2 = Analog MOD octal no. for 6-character 

3 = Display MOD bits 0-5 of MOD |octal number 

4 = Fixed Length Timed Contact TOC or 0-6 of TOC showing point 

5 = Variable Length Timed Contact TOC output word. bit(s) to be 


acted upon. 
(Bits 8-23 of 
MOD output 
word.) 


= TASC 
= Delete 


2.9 TASC Language cards are used to enter or remove a single entry 
in the point summary or 4a program. 
60 61 62 63 64/65 66 67 68 69) 


as 9 VO}UF 12.33 14 15 16 17 18 19 20 21 22 23 24 25 26 27 2B 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43/44/45 46 47 48 49/50 51 52 53 54/55 56 S7 58 59 


Refer to STATEMENT FORMAT (page 1 ) Initial assembly: 
for proper usage. card to be processed. 
Blank if single record delete. 8-Corrections: card 
to be inserted or 
to replace existing 
record. 
O-Corrections: delete 
an existing record 
(See special card 
for block deletions 
on page 5.) 


70f71 nalts 74 75) 


76 77 78 79 ; 


Project-Program number 


Proj-Prog. # must 
agree with number on TSK control 
card and sequence numbers must be 
in ascending order. (On point 
summary cards point ID, cols. 1-6, 
must also be in ascending order.) 


TASC INSTRUCTIONS 


PURPOSE 


ADA - ASSIGN DRUM ADDRESS 


To assign drum storage for sequence table information. 


REMARKS 


This Op Code must be used at the beginning of each assembly. Ending 
address of a memory block may also be specified. Successive ADA 
records (up to 8) may be used for different drum areas. 


CODING REQUIREMENTS 


S 
L922 ‘< 


ADS CONVENTIONS 


Op Code Field 


Point Identity 


Status Field 


Value Field 


Try Field 


Delay Field 


A Field 


B Field 


Type Field 


Branch 


Starting address. Six octal characters 
right justified. Leading zeros not required. 


Ending Address. Six octal characters right 
justified. Leading zeros not required. Must 
be last location in memory block. (See ATE) 


AQ - ANALOG QUESTION 


PURPOSE 
To determine the status of one or more analog inputs or clocks. 


REMARKS 
May or may not alarm 
May or may not contain outputs 
May or may not print conditional alarm 


oAAS 
CODING REQUIREMENTS MSL FIRST RECORD 
Oxy 
OKO CONVENTIONS 


WAG 

LY TS 

Symbolic Location ky 
Op Code Field || AQ 


Point Identity xl | Point ID of analog input ee 
Status Field xl] H for High; L for Low 
Value Field al] por a or Low Limit Decimal, right 
Try Field sky nebo ge reer ha try if delay and re- 
Delay Field by ee of delay between retrials., 
ee DLY for restrictions. 
A Field 
B Field 
Type Field Indicate type of alarm: A or P 
Branch Symbolic location to branch when no answer 


= 10-= 


AQ (cont'd) 


PURPOSE 


Second and succeeding records 


REMARKS 


Wye 
CODING REQUIREMENTS CAS 
KY 49 ny 


KPERKOY 
Symbolic Location | 
Op Code Field | 
Point Identity a 
Status Field || 
Value Field || 


Try Field 


CONVENTIONS 


Point ID of additional input, output, or 
conditional alarm. 

No equired for second limit on same point 
H for High; L for Low 
Desired status for MLR outputs 

Not required for conditional alarm or other out 
Actual High or Low Limit for inputs. 
Decimal, right justify. 

Not required for other records. 


Delay Field Delay for MLR output 


A Field 


B Field 


Type Field 


Branch 


-il - 


puts 


NOTE : 


Word 1 
Sequence Number of No. of T 
. = = ype Code 
Subroutine # Inputs Outputs O=No, 1=Yes 
Cond. Aim 
O=No, 1=Yes 
Word 2 


(If required) 


Times to try 


Delay Integer Delay 


Fraction 
(5 or %) 
‘ 26 21 20191817161514131211109 8 7 


6543210 
Gy _ Bae | a 


Conditional 
Group 


Word 3 
(If required) 


Conditional 
Position 


2% 21 20191817161514138121110 9 8 765 4 3 2 4 


Word 4 
(If required 


Number Output Output 


of MLR 7 type 6 type 5 type 4 type 3 type 
outputs 


Output Output Output Output Output 
2 type 1 type 


22 21 2019181716 151413121110 9 
hy sal aicic dow PLE Ly yy output words 
‘i (See OTP forma 

Output Word 


876543210 


(5 22 21 2019181716151413121110 9 8 765 43 210 


| | | | | | | fo | Input Word 


Low SF High SF Input Group Input 


Position 


~< 22 21 20191817 1615 14 13 


t 


w1iw9876543210 
|_| | |_| 


High or Low Limit 
(May have both) 


Input Word 2 
(And 3 if requ: 


7 92 21 201918 1716151413121110 9 8 7 6 5 43 21 0 


Last Word 
(If required) 


Absolute drum address of branch location 


Output and Input words are repeated as many times as necessary 


AQM - ANALOG QUESTION-MAGNETIC 


To test the status of an analog input and adjust a piece of 
equipment using an MLR output. 


REMARKS 


See flow diagram for usage. 


YA 
CODING REQUIREMENTS CEG FIRST RECORD 
OK m ~y 
KPSK CONVENTIONS 


Op Code Field 


Point Identity Tc Point ID of analog input 
Status Field Bt | H for High; L for Low 

; Actual High or low limit 
Value Field nl | Decimal, right justified 


Try Field Number of times to try in external loop 


Delay Field Delay for extemal loop. See DLY for 
ti 


A Field 
B Field 
Type Field Indicate type of alarm: A or P 


Branch ne Symbolic location to branch to when no answer 


wen i ee 


AQM (cont'd): 


IP URPOSE 


Second record 


REMARKS 
SAAS 
CODING REQUIREMENTS Oe 
85 Me CONVENTIONS 


Symbolic Location Th 
Op Code Field || 
Point Identity At Point ID of MLR output 


Status Field Desired status of output: 
O= Open, C = Closed 
P Percentage value for limit in internal 
vate ELere tT loop. Decimal, right justified 
Try Field al) Number of times to try in internal loop. 
P Delay forinternal loop 
Detay Riese cl] See DLY for restrictions 


A Field | 


B Field xX 


Type Field | 


ae | oe 


AQM 


23 22 21 2019 181716151413121110 9 8 765 43210 


Word 1 
SN 
Sequence Output Status Type Code 
Subroutine # S.F. S.F. O=open;1l=closed 
Branch Address 
O=No; 1=Yes 
3 22 21 201918 1716151413121110 9 8 76543210 
Word 2 
Internal Times Internal Delay Internal Delay 
to try Integer Fraction 


23 22 21 2019181716151413121110 9 8 76543210 


alee eae tet baie aes ee 


External Times External Delay External Delay 
to try Integer Fraction 


0 
ete Pes a eee piey Mees 


Percentage Input Point Input Point 
Factor Group Position 


23 22 21 2019 18171615141312111098 76543210 


ive cae eee eee eee ee ee 


Limit Engineering Units 


23 22 21 2019181716151413121110 9 8 765432 i1 +0 


ede ee ei Ae cee See 


Output Word 


== Wi 9876543210 
ivy |i lilt iiti tT iii tt ty gies 


Absolute drum address of branch location 


WB Whe 


EQUIVALENT FLOW 


COMPLEX ANALOG QUESTION (ASK & DO) DIAGRAM SYMBOL 


NOTES: 


at 
Wp 
i " 
UE " 
tpi 


ANALOG QUESTION 
(IS "X" GREATER THAN "2" 
OR(IS'"X"LESS THAN "'Z''2 


ez ANALOG QUESTION 


NS Le] cormann [a] 
YES 


ASKED QUESTIO 
"E' TIMES? 


ALARM POINT ID, 


CLOSE MAGNETIC 
LATCH RELAY 


DELAY"A" SECS, 


ANALOG QUESTION 
(IS"X"GREATER THAN "Pz''?) 
OR(IS"X"LESS THAN "Pz"'?) 


NO 


TRIED THIS 
PATH"C" TIMES? 


OPEN MAGNETIC 
LATCH RELAY 


EXAMPLE 


DELAY"B"SECS, TO 
STABILIZE BEFORE 
TRYING QUESTION AGAIN 


HP FIELD CURRENT 
LESS THAN 430 A? 


INTERNAL: TIME DELAY 

EXTERNAL DELAY BETWEEN QUESTION TRIALS, 
MAXIMUM NUMBER OF TIMES TO ASK QUESTION IN INTERNAL LOOP 

MAXIMUM NUMBER OF TIMES QUESTION CAN BE ASKED IN EXTERNAL LOOP WITHOUT ALARM, 
PERCENT OF "Z'' (ANALOG LIMIT) REQUIRED TO OPEN RELAY. 


~l6= 


ATE - ASS AB ANA R_ ENTR 


PURPOSE To inform the assembler of the entry address for the Table Analyzer 
or Sequence Executive Routine. Also block size, number of filler 
words at end of block, and the filler word to be used. See also 
BNB and BRT. 


REMARKS 
This Op Code must be used at the beginning of each assembly. 
The block is the portion of sequence table brought into core 
at one time to be operated on ( usually 64 or 128 words.) 
[SAAS 
CODING REQUIREMENTS K xo Ky 
ESS, CONVENTIONS 


Op Code Field || 
Table Analyzer Entry Address. Five octal 
Point Identity D characters right justified. 


Status Field 


Number of filler words to leave at end of 


Value Field Iwo decimal characters right justified. 


Try Field 


Delay Field | 
A Field | fe 


Block Size. Two decimal characters right 


justified. Must be power of 2 to be compatible 
with Monitor. 


Filler word. First two octal characters. 
B Field 


E 
Filler word. Last six octal characters. 
Branch X 


-17 - 


BEG - BEGIN PROGRAM 


IP URPOSE 


To turn a program on, 
REMARKS 


Used to set the appropriate program clock to zero and initiate 
program entry. 


CODING REQUIREMENTS 


ESS CONVENTIONS 
Symbolic Location en 


‘ 4 : x Alphanumeric program name. For documentation 
Point Identity purposes only. 


Value Field al Program Number. Decimal number, right 
justified 


2101 1111, POW yy 8 765 43 21 0 


BEG 


Sequence Begin-Stop 
Subroutine # O = Begin 


ee A 1S 12 1 10 987665648 2 i Q 


es Lt | HWY, |i ii: titi til iii itt 
ee ee 


Word 2 
(If required) Absolute drum address 
of branch location 


ae Symbolic location to branch to next. 


Program eae 


Branch 


BNB - BRANCH TO NEXT BLOCK 


PURPOSE 


To enable starting of routines or sections at the beginning of a block and to 
leave space for additions or corrections at the end of the current block. 


REMARKS 


This command will generate a BRU command to the first word of the next block 
and fill the remainder of this block with filler words. 


Mp 
CODING REQUIREMENTS LY 
a“ hy 


Symbolic Location TT 
| 
| 
a 
en 
Delay Field | fx 
A Field || is 

a 
en 
en 


ees ee 


CONVENTIONS 


BP_- BREAK POINT COMMAND 


PURPOSE 
To indicate the current breakpoint. 


REMARKS 
Soyed 
CODING REQUIREMENTS OOS, 
LPEKKO CONVENTIONS 


Op Code Field 


~o 22 21 201918 1716151413121110 9 8 76543 21 0 


P  ploi nV ii |i: YGG ii | | | 


penne ee 
Sequence 
Subroutine # A Field B Field 


25 22 21 201916 17161514131211109 8 7654328210 


BP lio 
Word 2 
(If required) Absolute drum address 
of branch location 
A Field Previous Breakpoint Number. Two decimal 
characters. 
B Field Current Breakpoint Number. Two decimal 
characters. 
Type Field 
Branch | Symbolic location to branch to next. 


—20 — 


BRS _- BRANCH TO STRAIGHT LINE CODING 


PURPOSE 
To furnish linkage between TASC coding and straight Line or 
PAL coding. 


REMARKS 
May go to the first word of PAL coding or skip as many words 
as desired, The number of words of PAL coding must be specified to 
determine the ability to fit in this block. 


CONVENTIONS 


1 ‘eld Number of words of PAL coding. Include all 
Value. Pte generated words for multi-word constants. 


eld Increment past first word to enter PAL 
Try Fie coding. 


23 22 21 201918 1716151413121110 9 8 7 6543210 


BRS 1|1 YYW), 


Absolute “drum address 
of here + 1 + indicated increment 


ro a ae 


BRT_- BRANCH TO TASC 


URPOSE 
To furnish linkage between straight line (PAL) coding 
and TASC coding. 


REMARKS 
May have branch specified if desired. Generates SPB 
in machine language to special entry of the Table Analyzer. 


CODING REQUIREMENTS _ 
CONVENTIONS 


Loy 
Symbolic location is used for PAL 
Symbolic Location references only. 


Cols 12-17 (PAL Operand) 
Point Identity Symbolic location to branch to next. 


25 22 21 2019181716151413121110 9 8 7 6543 21 «+0 


ae o} 1iz 1 olz {1| olo j ojo 


Address of Table 
Analyzer Specified by ATE 


23 22 21 2019181716151413121110 98 765432 ii os 


ae 1\0o VU) 


(If required) 
Absolute drum address 
of branch Location 


a ae 


BRU - BRANCH UNCONDITIONALLY 


PURPOSE 
To symbolically branch to another line of logic. 


REMARKS 
AUS 
CODING REQUIREMENTS oy 
¥Y 
oskcoy CONVENTIONS 


Op Code Field “or BRU 


Status Field 
Value Field 
Try Field 


Delay Field 


A Field 
26 22 21 2019181716151413121110 9 8 76543521 0 
BRU 110 Y 
ere de 
Absolute drum address 
of branch location 
Branch ay Symbolic location to branch to. 


CQ - CLOCK QUESTION 
CQS_- CLOCK QUESTION AND SET 


PURPOSE: To interrogate a clock with respect to a previously set time, the 
current time, and the time differential specified. CQS is also used to 
set the current time in the clock on one path, 


REMARKS ; To be meaningful, an STC command must be previously executed to 
establish a stored time. A conditional alarm may be printed on one 
path if desired. 


> A 
CODING REQUIREMENTS ga Me y FIRST RECORD 
, CONVENTIONS 


veuwate (AP 
wewne (fore 
a ere 
es || 
were 
en 
wees Ell [eects Saree 
| 
ee 


Branch x Symbolic address of alternate path 


ie, See 


CQ and CQS (cont'd) 


PURPOSE 
Second record if conditional alarm is required 


REMARKS 


vy 


CODING REQUIREMENTS OX: oY oy 
myw > 
Skadoy CONVENTIONS 


moteman (PO 
vownee (I 
poctensy f[[ [pace 
a 
| 
a 
a 
a 
a, 
re er 
es | 


am 25 <= 


CQ or CQS 


(23 22 21 2019181716151413121110 9 8 76543210 
0 [9 | byt Ol oY Word 1 


Sequence Clock Group Clock 
Subroutine # Position 


ReEeE PIC Sea ae 987654321 0 


CQs 
Sequence Clock Group Clock 
Subroutine # Position 


7777777 ee 9876543210 


CQ and CQS 
Word 2 
Cond. Alarm Integer Seconds Fractional 
O=No, l=Yes Time Differential Seconds 
(5 or %) 


23 22 21 20191817161514131211109 876543 21 0 


Ta t\ fla IIA LiL EERe ee (I Len ed 


Type Conditional Conditional 
Code Group Position 


25 22 21 2019181716151413121110 9 8 76543210 


bVA7A iii ti iii Titi TTY oo ane os 


Word 3 or 4 
Absolute drum address 


of branch location 


=26— 


DLY - DELAY COMMAND 


PURPOSE 
To set an indicated delay for the program being processed. 


IREMARKS 
DLY is a function of the ECP cycle time. 
Delay value may only have the following forms: 
XXXS, XXXM, X.XX, X.XS or X.XM 


CYR, 
CODING REQUIREMENTS SRS 
Y 
Stetey CONVENTIONS 


Op Code Field «|| DLY 


: Special use flag 
) 
Status Field ii Blank=zero, l=one in output word 


Value Field 


Try Field 


Specified delay. See above for restrictions 
S=Seconds, M=Minutes. X.XX is assumed to be 


Delay Field 


23 22 21 2019181716151413121110 9 8 765 4321 0 


™ foto topo YA ti tii i ti i | 
sere ern ree 


Sequence Subroutine #'Special Use Flag Integer Seconds Fractional Seconds 
23 22 21 2019181716151413121110 98 765 43210 (or %) 


wer LIVYYA iit tiltiiisliii iil) 


: eee een en nT EEE” TEI EREIRERE Teena Pree ae caper aa 
(If required) Absolute drumYaddress of branch Location 


Branch 


IX Symbolic location to branch to next. 


PURPOSE 


DQ - DIGITAL QUESTION 


To determine the status of one or more contact inputs or bits. 


IREMARKS 


May or May not ater 
May or may not contain outputs 
May or may not print conditional alarm 


CODING REQUIREMENTS 


Symbolic Location 


Op Code Field 


Point Identity 


Status Field 


Value Field 


Try Field 


Delay Field 


A Field 


B Field 


Type Field 


Branch 


SORES 


Ou FIRST RECORD 


AY 

eS. Koy CONVENTIONS 
| el 
ali Point ID of contact input or bit 


ies: status: 
= open orreset, c = closed or set 


Number of times to try if delay and 
re-trial is desired 

' Amount of delay between re-trials 
See DLY for restrictions 


Indicate type of alarm: A or P 


Symbolic location to branch to if no 
answer is found 


ny: eee 


DQ - (cont'd) 


URPOSE 


Second and succeeding records 


REMARKS 


& 
CODING REQUIREMENTS ? AS 
COM 


YZ 
Symbolic Location | ie 


Point ID of contact input; or bit for 
Point Identity Xx additional inputs; point ID of output 


point: conditional alarm 


CONVENTIONS 


Desired status for additional inputs 


Status Field or sae pe eee ape ee ee 


Value Field ne Count value for analog output 


Delay Field Delay for MLR output 


A Field 


B Field 


Type Field 


Branch 


— 22D mem 


23 22 21 2019181716151413121110 9% 


oe ae 
Sequence Number of No. of 
Subroutine # Inputs Code 
235 22 21 2019 181716151413121110 9 8 765 43 @ 
Ae ee ee © - Word 2 


(If required) 


Times to try Delay Integer Delay 
Fraction 


(4% or %) 


23 22 21 2019181716151413121110 9 8 7654321 0 


YUU Ve 


ee SOIf required) 
Conditional Group Conditional 


Position 


25 22 21 2019181716151413121110 9 8 765432210 


| Word 4 
(If required) 
Number Output Output Output Output Output Output Output 


of MLR 7 Type 6 Type 5 Type 4 Type 3 Type 2 Type 1 Type 
Outputs 


25 22 21 2019 181716151413121110 9 876543210 


Se ee ee 


Output Word 


Input Status Input oe aa 


Input 
0=Open, 1=Closed Group 


Position 


23 22 21 2019181716151413121110 9 87654383 21 ~0 


YYW 
10777 / oo ee eee eee 
a ee 
Absolute drum address 


of branch location 


23 22 21 2019 1817 16 15 1413 12 11 10 876543210 


NOTE: Output and Input Words are repeated as many times as necessary. 


PURPOSE 


DQG - DIGITAL QUESTION GROUP 


To determine the status of several contact inputs or bits where they 
are known to appear at several points in the same group. 


REMARKS 


See DQ for second and succeeding record formats, 


CODING REQUIREMENTS 


Symbolic Location 


Op Code Field 


Point Identity 


Status Field 


Value Field 


Try Field 


Delay Field 


A Field 


B Field 


Type Field 


Branch 


SAAS 
ISS FIRST RECORD 
CSS CONVENTIONS 


Point ID of contact input or bit 


Desired Status 


Number of times to try if delay and 
re-trial is desired 


Symbolic location to branch to when no 
answer. 


=— 3Ll=— 


Branch 0=No, 1=Yes 
§ 48321 0 


DQG 
23 22 21 201918 17161514131211.10 9 8 7 


Word 1 
Sequence Number of ype Code 
Subroutine # Input Groups 

23 22 21 2019 181716151413121110 9 876543210 

Word 2 

(If required 

Times to try Delay Integer Delay 
Fraction 
(% or %) 


0 
ee ee 


Conditional Group Conditional 
Position 


23 22 21 2019181716151413121110 9 8765482210 
Word 4 


(If required 


Number Output Output Output Output Output Output Output 
of MLR 7 Type 6 Type 5 Type 4 Type 3 Type 2 Type 1 Type 
Outputs 


23 22 21 2019181716151413121110 9 8 76543210 
z Output Wor 
I A a BC SE eg US SSS SE ESTES” (See OTP for 


Output Word 


23 22 21 201918 171615141312111098 76543210 


Input 
Word 1 
Group # 
(First 4 Point Position 
Bits) 


eg 22 21 2019 1817161514131211109 8 76543210 


= Input 


So eee ee «CE 


Group # Point 0 = Open 
(Second Desired Status 1 = Closed 
4 bits) 


£3 22 21 2019181716151413121110 9 8 76543210 


VG i: i tititi tit ttt) aie ter 
Ne ee ee 


(If required) 
Absolute ‘drum address 
or branch location 


NOTE: Output and Input Words are repeated as many times as necessary. 


END - END PROGRAM 


PURPOSE 
To signify the end of the symbolic information for this assembly. 


IREMARKS 


“YS 

CODING REQUIREMENTS y 7 
SA Z 

CONVENTIONS 


ese 
| 
| 
en 
a 
ee 
en 
on 
en 
en 

i 


Branch 


ae 


EQT = EQUATE TASC SYMBOL 


PURPOSE 


To provide symbol equating from one assembly to another. 


REMARKS 


PALS 
CODING REQUIREMENTS c SOS, 
Y 
SKovoy CONVENTIONS 


yy 
Symbolic Location cE TASC symbol to be equated 


Point Identity Six octal characters of absolute drum address 
of symbol. Right justified. 


Status Field 


Value Field 


Try Field 


Delay Field 


A Field 


B Field 


Type Field 


Branch 


ERC - ERASE CLOCK 


PURPOSE 


To erase the time set in an indicated clock. 


REMARKS 
The clock is assigned a group and position number by the point 
summary. The clock status may be interrogated by AQ, CQ, or 


cas. 


ay, 

CODING REQUIREMENTS Oy 
Yy 

Koper, CONVENTIONS 


AY 
eee 
voor He 


25 22 21 20 19 18 17 1615 14 13 12 11:10 9876543210 
ERC 0 ofo fiji fof 11 


cE et 


Sequence See Point Group Point 
Subroutine # SET & RMV Position 


23 2221 20191817161514131211109 8 765483210 


ERC 
Word 2 rio 


(If required) 
Absolute drum address 


of branch location 


ky Symbolic location to branch to next. 


a fe 


Branch 


GOX - GO "X" TIMES 


PURPOSE 
To provide a Loop counter. 


REMARKS 


Proper use of this command enables clearing of the counter, controlling 
the number of times through a Loop, and alarming upon completion of the 


specified number of times. A counter must be cleared before starting 
to count. 


SLY 
CODING REQUIREMENTS SOS 
A 
<S CONVENTIONS» 


Symbolic Location i 
Op Code Field 
Point Identity ' 


Counter number. Two decimal characters, 


Value Field right justified. 


Number of times to go through command. 
Decimal, right justified. 
Set to zero to 2 inte 

£5 22 21 2019 181716151413121110 9 8765432310 


Uy 
oo nee See ee eee cee 
Sequence ‘Cond. Alm.’ Counter No. No.of times 
Subroutine # Ind. O=No 
1=Yes 
23 22 21 2019181716 151413121110 9 87664482 i1 @ 


Conditional Group Conditional Position 
23 22 21 201918171615 1413 1211 10 8766548321206 


(I£ required) 


Absolute drum address of branch location 


Try Field. X 


oO 


GOX 
Word 2 
(If required) 


Symbolic location to branch to. 
Must be used only if try # 0. 


Branch 


NOTE: Only word 1 will appear when clearing counter 


—36 - 


INS - INSERT IN SCAN 


PURPOSE 
To insert points in scan for alarming. 
REMARKS 


May be used to act upon several points with one INS command. Analog 
and digital points must be in separate commands. 


VAD, 

CODING REQUIREMENTS SZ 
Ks iA y 
CONVENTIONS 

INS 
Op Code Field ) Required only on first line if several points 

being acted upon 
Point Identity ) Point ID of point being acted upon. 


Required for digital points only: O=Open, 
Status Field C=Closed. May optionally contain an A to 


Value Field 


Try Field 


Delay Field 


A Field 
B Field 
Type Field 


Branch ne Symbo lic location to branch to next 


ae Wy em 


INS 
93 22 21 2019 181716151413121110 9 8 7 6 5 


ZiEZZLOTTZ ZZ 


Sequence INS or OTS | Analog or Number 
Subroutine # O=INS,1=OTS| Digital of 
0=Digital Groups 


1=Ana log 


23 22 21 2019181716151413121110 9 8 76543210 


Group # Point Position 
(First 4 
bits) 


25 22 21 2019181716151413121110 9 8 7 6543 2i1~0 


nT aie ada seg em SAAT RR SOE 
Group # Point 0=Open 
(Second 4 bitg Desired Status 1=Closed 


83 22 81 2019 181716151413121110 9 8 76543210 


WML 


WS 


a RS PDAS, 
Second Group First Group 
Number Number 


(If required) 


25 22 21 2019181716151413121110 9 8 7 6 5 4 8 


Point Position Second Group 


25 22 21 2019 1817161514131211109 8 76543210 


Group Number Point Position 


25 22 B1 20 19 18 17 16 15 14 13 12 11 10 98765432] Q. 


Absolute drum address 
of branch location 


NOTE: Words A, B and C are re 


number of groups. 


210 


U2 \6 15 4 3 | 2] afo 
Se 


Word 1 


INS Digital 
Word A 


INS Digita 
Word B 


OTS Digita 
Word A 


OTS Digita: 
Word B 


OTS Digital 
Word C 
(If require 


INS & OTS 
Analog 
Word A 


Last Word 
(If require 


peated as many times as necessary for the 


OTP-OUTPUT COMMAND 


PURPOSE 
To provide output signals. 
REMARKS 


May be used to give several outputs with one $TP command. 
Output types may be mixed as required. 


fap 
CODING REQUIREMENTS Yovee/ 
Ay, KK, Ss 
YESS CONVENTIONS 


oe | 
Op Code Field Ell Required eaty ce first record if several BUEDUES. | 

| 
Status Field a 
Value Field lq 


Try Field 


Used to indicate status desired on MLR 
outputs. 


Used for output counts on analog output number of 
pulses on TOC output and the four characters on 
Always decimal, right justified. 


Used to indicate delay on MLR outputs 


Delay Field See DLY for restrictions. 


A Field 
B Field 
Type Field 


Branch ne Symbolic location to branch to next 


339 = 


GTP 


23 22 21 20 19 18 17 16 15 14 15 1é 1) 19 9 8 765 43 21 «0 


Sequence Output Output Output Output Number of 
Subroutine # 4 Type 3 Type 2 Type 1 Type Outputs 


23 22 21 20191817161514131211109 8 76548321 0 
| | i oe . Word 2,3 | 


Output Output Output Output Output Output Output Output 
12,20 11,19 10,18 9, 17 8, 16 7, 15 6, 14 #5, 13 Type 
Etc. Etc. Etc. Etc. Etc. Etec. Etc. Etc. 


23 22 21 201918 1716151413121110 9 8 76543221 «(0 


| | aay nm Type 1=Pu: 
3 Type 0= 
Word lL 
Point Mask Taken from Point Summary Module Group 
Number Address 
£3 22 21 20 19 18 17 16 15 14 13 12 11 10 98 765432310 
| Type O-MLI 
Word 2 
Output status Delay Delay 
=Open, 1l=Closed Integer Seconds Fraction Seconds 
ed 22 21 20191817161514131211109 8 7654321 0 
| | | Type 2 
Analog 
Output Counts Module Point 
Taken from Value Field Number Address 


Be Eee S aees 
ST ee" Re —O SS ”—- = :SCOé=«*O'i pila 
Char. 1 Char. 2 Char. 3 Char. 4 Module Point 

Number Address 


| Type 4-Fix 
| Length TOC 
Pulse Count Point 
Taken from Point Summary No. Address 
O=Down or none 
L=Up 
£5 22 21 2019181716151413121110 9 8 7 6 $21 
Z| | Type 5-Var 
GU4GGRG PELL tite vaneths toe 
Pulse Count Set oo Point 
Taken from Value Field Ind. Number Address 


NOTE: Point or Group Address, Module Number, and Set Point Indicator taken 
from Point Summary. 


OTS - REMOVE FROM SCAN 


URPOSE 


To remove points from scan for alarming. 


IREMAR KS 


May be used to act upon several points with one @TS command. 
Analog and digital points must be in separate commands. 


Vy, 
CODING REQUIREMENTS AsO, 
Ox 6 AS 


CONVENTIONS 


Op Code Field gTS 
P “OP Required only on first line. 
Point Identity «|| Point ID of point being acted upon 


May be used to indicate analog or digital 
(A or D) for documentation. 


Status Field 


Value Field 


Try Field 


Delay Field 


A Field 
B Field 
Type Field 


Branch rH Symbolic location to branch to next. 


Sy ie 


OTS 


25 22 21 2019 181716151413121110 9 8 76543210 
C Y 


Word 1 
Sequence INS or OTS Analog or Number of 
Subroutine # 0=INS Digital Groups 
1=0TS O=Digital 
1=Analog 
23 22 21 2019181716151413121110 9 8 7 6543 21 ~0 
| INS Digit 
Word A 
Group # Point Position 
(First 4 bits) 
23 22 21 2019181716151413121110 9 8 765432i160 
| | : INS Digita 
=: = s Word B 
Group # Point 0=Open 
(Second 4 bits) Desired Status 1=Closed 
OTS Digita 
Word A 
Second Group First Group 
Number Number 
(If required) 
25 22 21 2019181716151413121110 9 8 76543210 
| OTS Digita: 
Word B 
Point Position 
First Group 
25 22 21 2019181716151413121110 9 8 765 432190 
| i | | OTS Digital 
Word C 


(If require 


Point Position 
Second Group 


23 22 21 2019 181716151413 121110 9 8 765 43 21 0 


INS & OTS 
Ld Analog 
EES pe RIES Word A 
Group Number Point Position 
23 22 21 201918 1716151413121110 9 8 76543210 
Last Word 


i 
1|0 } (If require 


Absolute drum address 
of branch location 


NOTE: Words A, B, and C are repeated as many times as necessary for the 
number of groups. 


PRB - PRINT BLACK 


To print a message and value in black. 


EMARKS 


PRB will accept analog, digital, or conditional alarm points 
assigned by the point summary. 


CODING REQUIREMENTS 
CONVENTIONS 


Symbolic Location 


Op Code Field 


Point Identity 


Status Field 


Constant value to be | printed, If left blank, the 
actual value of the analog or digital point is to 


Value Field 
Try Field 


Delay Field 


A Field 

B Field 

Type Field 

EE 


Bay Ac ee 


Value Indicator 
0O=Use this value 


Analog/Digital 


‘3 4% 21 20 19 18 17 16 15 14 13 12 11 10 9876543210 


oY na 


Sequence Color Point Point 
Subroutine # Code Group Position 
0=Black 


23 2221 201918171615141312111098 76543210 


Indicator 


= Digital 


= Analog 


é3 22 21 2019 181716151413121110 9 8 76543210 


Seer ae eee nnee 


Absolute drum address 
of branch location 


~44~- 


re 


PRB 
Word 1 


PRB 
Word 2 


PRB 
Word 3 
(If requ 


PRR - PRINT RED 


PURPOSE 


To print a message and value in red. 


REMARKS 


PRR will accept analog, digital, or conditional alarm points 
assigned by the point summary. 


cy 
CODING REQUIREMENTS CASO; 
QR 4 n> 


PK 
Symbolic Location TT] 
vewmas fl[fe 
eg | eee 
wwe 
wens [fl rem emer 
wae 
a | 


CONVENTIONS 


A Field 
B Field 
Type Field Indicate type of alarm: A or P 


Branch en Symbolic Location to branch to next. 


4h = 


23 22 21 2019181716151413121110 9 8 765 4321 0 


Sequence Point Group Point 
Subroutine # Position 
Color Code 
1 = Red 


25 22 21 2019181716151413121110 9 8 76543210 


PRR 
Word 1 


Value Indicator Type Binary 
Use this value Code Value 
Get current 
value 


Analog/Digital 
Indicator 
O=Digital 
1=Analog 


25 22 21 20191817161514131211109 8 765432160 


MlLWMA LI i TTT itr iriry[t. 
ee ee 


Absolute drum address 
of branch location 


~46- 


PRR 
Word 3 
(If requ: 


RMV - REMOVE BIT 


PURPOSE 


To set an indicated bit to a "zerd'. 


REMARKS 


The bit is assigned a group and position number by the point 
summary list. The bit status may be interrogated by the DQ. 


ony 
CODING REQUIREMENTS OR SS, 


SEL CONVENTIONS 
Symbolic Location ri 
Op Code Field || RMV 
Point Identity D Point ID of bit to be removed. 


Pee hare ae es ne ee 9876543210 


RMV 
Sequence Point 
Subroutine # Group Position 
et or Remove 
O=Set 
1=Remove 
26 22 21 2019181716151413121110 9 876543210 
OL // 

or 


Absolute drum address 
of branch location 


fel Symbolic location to branch to next. 


ee 


(If required) 


SET - SET BIT 


PURPOSE 


To set an indicated bit to a "one". 


REMARKS 


The bit is assigned a group and position number by the point 
summary list. The bit status may be interrogated by the DQ. 


AAS 
CODING REQUIREMENTS PY 
SO % 
Ke voy CONVENTIONS 


Op Code Field 


Point Identity ae Point ID of bit to be set. 


23 22 21 2019 181716151413121110 9 87654321 0 


SET 


Sequence See 

Subroutine # RMV 

Bit or Clock 
O=Bit 
1=Clock 


Point 
Group Position 


25 22 21 2019 181716151413121110 9 8765 4321 «~+%0 


war LLY | i LiL IIT ITT TTT 


(If required) 
Absolute drum address 
of branch location 


| Symbolic location to branch to next. | 


EAB a 


Branch 


SKP — SKIP n LOCATIONS 


PURPOSE To provide space in-line for future additions or corrections. 


REMARKS SKP will fill the desired number of words with filler words. 
The number of words skipped does not include the words to 
remain at the end of a block if the SKP overflows a block. 
It is assumed that the SKP command is preceded by a BRU 
command. 


CODING REQUIREMENTS SAY 
ROK y 
KSK CONVENTIONS 


i 


Status Field 
Number of words to be skipped. Two decimal 

Value Field characters et suebreted: May not be greater 
han blo 

Try Field 

Delay Field 

A Field 

B Field 

type Field 


Branch 


=49 = 


SLW  - SLEW PAGE 


PURPOSE 
To slew printer paper to next page. 


REMARKS 
This command is used to make better documentation by enabling 
routines or sections to start printing on a new page. 


SAAS 

CODING REQUIREMENTS RO<a 
CS 
LYy .) KO 


CONVENT TIONS 


Symbolic Location aie 
Op Code Field af) SLW 
Point Identity Sf ke 


Status Field 


Value Field 


Try Field 


Delay Field 


A Field 


B Field Y 


Type Field 


Branch 


—50 — 


(If 


SPL - SAFE POINT LAST 


PURPOSE 


To indicate the last safe stopping point number. 


REMARKS 


BAAS 

CODING REQUIREMENTS LSB 
XY 

KOS Oy CONVENTIONS 


25 22 21 2019181716151413121110 9 8 7 65 43 2 1 O 


SPI Pre lti VA |i LY |i iit 
Se 


Sequence A Field B Field 
Subroutine # 


23 22 21 20191817161514131211109 876543210 


SPL 
Word 2 
required) Absolute drum address 

of branch location 
A Field Ale Breakpoint Number. Two decimal characters. 
B Field Ai Safepoint Number. Two decimal characters. 
Branch 7 Symbolic location to branch to next. 


SPN - SAFE POINT NEXT 


PURPOSE 


To indicate the next safe stopping point number. 


REMARKS 
SAAS 
CODING REQUIREMENTS KGLSY 
SG 4 s 
(OK of Loy CONVENTIONS 


Symbolic Location ese 


23 22 21 2019181716151413121110 9 8 76543 21 ~0 


ee COSC /// Caen /// aaa 


Sequence A aaa ays B aaa ae 
Subroutine # 


25 22 21 20191817161514131211109 876543210 
sm LRVYMMMAII i TIT IT TT Titty) 


(If required) Absolute drum address 
of branch location 


coe fl [oceania Santa 
von [Toes 
ee 
Branch hl Symbolic location to branch to next. 


=. 52.— 


STC - SET TIME IN CLOCK 


PURPOSE 


To set an indicated clock to the present time. 


REMARKS 


The clock is assigned a group and position number by the point summary. 
The clock status may be interrogated by AQ, CQ, or CQS. 


Soy 


AS 
CODING REQUIREMENTS 4 25% oe 
LORe ee 

CONVENTIONS 


Point Identity || Point ID of clock to be set 


23 22 21 2019 181716 151413121110 9 8 76 5 4 3 21 0 
STC o lol oj1|1] ofo | 1 


Sequence See Point Point 
Subroutine # SET Group Position 
& 
RMV 


£3 22 21 2019 181716151413121110 98 765432310 


sto BOZZZY 


Word 2 
(If required) Absolute drum address 
of branch location 
Branch Sy Symbolic Location to branch to next. 


es. ae 


STP - STOP PROGRAM 


PURPOSE 
To turn a program off. 


REMARKS 
Used to set the appropriate program clock off. 
It is assumed next re-entry is set elsewhere. 


AN 
CODING REQUIREMENTS Lr’ 
~s CONVENTIONS 


Alphanumeric program name. 

Point Identity documentation purposes oats 

Value Field x Program number. Decimal number, right 
justified. 


25 22 21 2019181716151413121110 9 8 765 438 210 


STP 
Sequence Begin-Stop Program 
Subroutine # 1=Stop Number 
23.22 21 2019181716151413121110 9 6 76543210 
STP 1/0 
Word 2 
(If required) Absolute drum address 
of branch location 
Branch al Symbolic location to branch to next, 


4 OPERATING PROCEDURES 


1. Load blank tapes on magnetic tape drives 2 and 3 

2. Place cards in reader and initialize 

3. Load GE/PAC TASC master tape on drum using BLTOL 

4. Load OPRO2 and call GE/PAC TASC using OPRO2 operating procedures 


Operator action for typed messages: 


GE/PAC TASC 


FIRST CARD NOT JOB 


To indicate that blank tapes are mounted 
on tape units 2 and 3 and that cards are 
in reader and ready to process, change 
switch 0. 


Cards are not positioned correctly in card 
reader or JOB card is missing. Correct 
and change switch 0. 


OFILE NO ON T2 IS Place the tape reel number mounted on tape 
drive 2 in switches 8-19 and change switch 0. 
Number will be typed for verification. If 
number is correct, raise switches 1-19 and 
change switch 0. If number is incorrect, 
place proper number in switches 8-19 and 
change switch 0. Number will be typed and 
program will stop for verification again. 
Proceed as above for correct or incorrect 
number. 


MOUNT TAPE XXXX ON Tl Mount previous Ofile tape requested on tape 
drive 1 and change switch 0. 

WRONG TAPE MOUNTED Wrong tape was mounted above. Mount correct 
tape and change switch 0. 

CNTRL CD ERR Control card is not HDG, TSK, DEL or FIN, 
or DEL with no input tape. Correct control 
card, reload card reader and change switch 0. 

MOUNT POINT SUMMARY Mount previous point summary for this system 

TAPE ON T5 on tape drive 5 and change switch 0. 

MOUNT BLANK TAPE ON T4 Mount blank tape for point summary output 

and change switch 0. 
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OPERATING PROCEDURES (cont'd) 


REMOVE AND LABEL TAPE ON T4 | Remove and label tape as point summary 
for this system. 


XXXXXX OUT OF SEQ IGNORE Point summary input card is incorrect as 
XXXXXX DUPE IGNORE indicated, Return these messages to 
XXXXXX TYPE CODE ERROR - programmer, 

NOT ON DRUM 


MOUNT EQL TAPE ON T4 Mount previous system EQL on tape drive 
4 and change switch 0... 


MOUNT BLANK ON T4 Mount blank tape for new EQL on tape 
drive 4 and change switch 0. 
REMOVE AND LABEL EQL ON T4 Remove and label tape as EQL for this system. 


Actions taken for peripheral messages are Listed in HPSOl - High 
Speed Peripheral Package writeup. 
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APPENDIX A - ERROR CODES 


The assembler performs validity tests on each instruction. When errors 
or suspected errors are detected, one of the following indicators will 
appear on the output listing. The following error codes apply to TASC 
language coding: 


CODE DEF INITION 


Point ID Error . Input, output, or conditional 
alarm point indicated is not 
in point summary table. 
. Wrong type of point indicated 
for this command (DQ calling for 
analog point, etc.). 


Second Line Point ID For commands which have special 
format for second line-either 
of above reasons. 


i 
Second Record Missing For commands which must have 
: more than one line. 
a 
U 


Too Many Points Too many points have been 
indicated for a multi-point 
command. 


Undefined Symbol A symbol appeared in branch 
field which was not defined by 
appearing in location field of 
command or EQT. 

Symbol table was full when the 
symbol was defined. 


The following PAL error codes apply when coding in the PAL language: 


Location Field Error First character of the label is 

not alphabetic, (See Table I, page 

25 in PAL manual). 

Using the DEF pseudo-op when: 

- the mnemonic assigned is a GE/PAC 
machine operation. 

- requesting “Extra Operands" 
definition when mnemonic has been 
previously defined as machine-typed 
operation. 

- there is an illegal audit code number. 

Location Field is blank when a symbol is 

required. 

Location Field contains a symbol when not 

allowed. 


Operation Field Error - The Op-code not part of the language or 
was not added to the table through the 


DEF pseudo-op. This often occurs when 
definition was attempted but was - 


my Pe 


illegal. Consequently, it was not 
added to the operation table. 

This op-code cannot be GENerated. 

Blank operand when an operand is 
required. 

Operand not blank when it should have bee 
-One or more required operands missing. 
Too many operands. 

Operand value too large. 

Negative operand value in an instruction 
that will not accept one. 

Illegal constant. 


Index Word Error 1. Index word 1 or 2 specified. 

2. Required index missing. 

3. Specified index word is greater 
than seven. 

Undefined Symbol Occurs only when a symbol appears in the 

Operand Field and: 

1. It never appeared in the Location 
Field or on the Common Symbol Tape. 

2. It appeared in the Location Field, but 
the symbol table was full at that time. 

Illegal Character A character, not associated with the 

assembler language, was found in one of 

the following fields: 

1. Location 

2. Op-Code 

3. Operand 

(Refer to Table II, page 25 in PAL manual) 


Multiply-defined Symbol] 1. Symbol in Location Field was flagged 
because: 
- it has appeared in the same field on 
a previous record 
- it appeared on the requested EQL tape w 
a value unequal to the one being assign 
- it was saved from a previous assembly 
with a value unequal to the one being 
assigned. 
2. Any record which references a multiply- 
defined symbol in the Operand Field will 
also be flagged. 


Second Pass definition 
of symbol different 
‘from First Pass 


Relative Operand Error |Operand value was relative and should be 


absolute. 
Tables full 
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INTRODUCTION 


This manual describes the capabilities and usage of the Free-Time 
System and the Language Processing and Debugging System for the 

GE/PAC 4060 computer. Refer to the appropriate manual for further 
information on FORTRAN, PAL, and MONITOR. (See references below.) 


The combined purpose of the Free-Time and Language Processing and 
Debugging Systems is to provide the user with the ability to compile, 
test, and execute functional programs in a real-time environment. 
Existing service programs may be initiated by a control card. New 
programs may be tested and entered into the overall system in easy 
stages, starting with an untested program and arriving at an oper- 
ating real-time program. 


This system provides “load and go" or "compile and go" with 
debugging at the symbolic level, using the names of FORTRAN variables. 
The dynamic relocation of programs and automatic allocation of 
storage frees the programmer from any concern other than the success- 
ful compilation and testing of his program. 


References 


YPG31M MONITOR USERS MANUAL 
YPG14M FORTRAN REFERENCE MANUAL 
YPG12M PROCESS ASSEMBLER LANGUAGE MANUAL 
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GENERAL PURPOSE 


The primary purpose of a GE/PAC precess control computer is to 
react automatically to real-time process conditions. Even though 
this reaction may use most of the available time when the process 
is undergoing a change, some available time is usually present. 
This time, referred te as free-time, will normally be plentiful 
and can be used for computations which are independent of the 
process. These free-time functions must not disturb the reaction 
time of the real-time system. 


Purpose of Free-Time System 


An operator, using the Free-Time System, may request the execu- 
tion of any free-time program not related to the process and some 
real-time programs which are related to the process. Execution 
is requested via a control card describing the desired program. 
Real-time programs are designated by their program-priority 
numbers in the Process System. Free-time programs are designated 
by the first six characters of theix name. 


Purpose of LPD System 


The purpose cf the Language Processing and Debugging (LPD) System 
igs to provide the user with the ability to compile, test, and 
maintain several libraries of programs during the free-time avail- 
able in the GE/PAC 4060. Both real-time and free-time programs may 
be processed and maintained by LPD. Provisions also exist to 
maintain the system common symbcl table and the FORTRAN subroutine 
library. Ali of these functions are requested by control cards. 


@ Language Processing ~ compiles FORTRAN and PAL 
language programs and enters them into the free= 
time, real-time, or undebugged library on request. 


® Testing - tests the compiled pregrams under 
simulated condicions. 


@ System Protection = protects the system from the 
actions of untested programs by using che memory 
and input/output protection of the GE/PAC 4060. 


PROGRAM ORGANIZATION 


rs 
REAL-TIME 
SYSTEM 
} FREE-TIME 
1 2. 3 . e e e e s e ° e e e 
ry 3 e 
. FREE-TIME 
FREE-TIME FREE-TIME aceaeahe X FREE-TIME SYSTEM 
OGRAM PROGR 2 | PROGRAM #3 
PROGRAM #1 ROGRAM # | SEARCCINC | AM 
SYSTEM (LPD) 
TEST 
PAL LANGUAGE 
ASSEMBLER PROCESSING & 
DEBUGGING 
SYSTEM 
ree | PROGRAMS BEING TESTED 


@eeeese 


1. GENERAL 
Address 
0 
MONITOR 
4K 


(N-8)K 
REAL-TIME, 
LPD 
SHARED 
CORE AREA 
NK 
(N 2 16) 


2. LPD usage of last 8K 


A. Language Processing 


COMPILER or 
ASSEMBLER 


CORE ORGANIZATION 


REAL-TIME 
CORE AREA 


When the 
core for 
requires 
saved on 


LPD is running, it uses this area of 


its programs. 


If the real-time system 


some or all of this area, this area is 
disc in a special save area. 


B. Testing (numbers are approximate) 


Program being 
tested 


Program EQL Table 


Prepare Test, Run Test, 
Memory Protect 


DISC ORGANIZATION 


Address 0 
MONITOR, SUB-MONITOR, OPR 


LPD PROGRAMS 


LPD Save Area 


FORTRAN Library Catalog (100 programs, maximum) 
Free-Time Library Catalog (200 programs, maximum) 
Undebugged Library Catalog (200 programs, maximum) 


System EQL Table 
46K 


Real-Time Library 


FORTRAN Library 


Free-Time Library 


Undebugged Library 


Temporary Disc Area 
(LPD Scratch Area) 


Lk; 


oer 


SYSTEM CAPABILITIES 
The System has the ability to: 


® Request, through control cards, the execution 
of programs associated with the process 
(real-time), or programs independent of the 
process (free-time). 


e Compile and/or test programs during on-line 
operation of the GE/PAC 4060. 


o Add or remove programs from the real-time, 
free-time, or FORTRAN Subroutine libraries. 


o Permit modification to the list of common 
symbols. 


@ Protect the system against destruction 
by untested programs. 


SYSTEM PROTECTION 


System protection prevents an untested program from 
destroying information outside its own area or from 
disturbing the rest of the system. 


Any untested program may legally: 
e Branch to any location within its own area. 


@ Store into its own area or permanent core 
area. 


MONITOR and Input/Output Subroutine requests are trapped 
and interpreted before they are executed, because un- 
tested programs must not have access to such devices 

as the Multiple Output Distributor, Time Output Contact, 
Scanner, etc. : 


Bes SYSTEM REQUIREMENTS 
2.1 Hardware Requirements 


Input to the Free-Time and Language Processing and Debugging 
System is accomplished by punched cards; output by punched 
cards and a line printer. The following devices are required 
and have the minimum listed capabilities: 

GE/PAC 4060 16K Core 
0.5 million words of bulk storage 
Card Reader - 350 cpm 
Card Punch - 100 cpm 
Line Printer - 300 lpm 
Input/Output Typewriter 


Operator response to the system is through the I/O Typewriter. 
2.2 Software Requirements 


* The MONITOR used with the Free-Time System contains com- 
munication for the peripheral devices listed above. 


* Programs in all libraries must conform to the following rules: 


* @ All programs must be assembled with a starting 
location of zero (no @RG or DCW). 


@ All programs must maintain the following order; 
a. Instruction area, including constants. 
b. Storage area - must be BSS's (block reservation). 
c. Library routines, including programmer~defined 


subprograms. 


g All storage areas not relative to the program must 
be in permanent core or bulk storage. 


e All input/output requests must be made through 
standard MONITOR communication. 
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3% SYSTEM DESCRIPTION 
3,1 Free-Time Executive Program (FTX) 


The Free-Time Executive Program is under direct control of 

the MONITOR System. It is calied via the Real-Time Executive 
Program by an Input Demand Button on the Card Reader. The 
Free-Time Executive Program finds the name of the program to 
be executed by reading a J@B card. When the J@B Card calls 
for a free-time program, the Free-Time Executive Program Makes 
a request for MONITOR to operate the program. 


* If the J@B Card requests a valid real-time program, a request 
is made to the Real-Time Executive Program to execute the 
program. Some real-time programs may not be called by a J@B 
Card. For example, the Output Program is only turned on by the 
Output Request Subroutine; the Input Program is initiated by 
the Input Driver, etc.** When a request is made which violates 
the MONITOR system rules, the J@B Card is ignored, and an error 
message is printed. 


3.1.2 J@B Control Card 


The J@B Control Card identifies the beginning of the card deck 
associated with a job. The J@B card determines the program to 

be called, and, if it is a free-time program, specifies a heading 
line for printer output. 


as The J@B card is divided into three fields. All fields except 
the last are terminated by a comma. The last field is terminated 
by two blank columns. Single blank columns are ignored and may 
be used anywhere for clarity. 


The first field of the J@B card must contaim only the word, 
J@B. The second field contains the program name or number 
and is interpreted as follows: 


e If the first character is numeric, the field is 
assumed to contain three or less digits which 
are the real-time program number. 


@ if the first character is alphabetic, the first 
six characters of the field are used as the 


name of a free-time program. 


e A comma terminates the program name. 


#Revised 
**See Appendix A. 


*Revised 


The third field is an identification field and is used as the 
ptinter output heading for a free-time program. Single blank 
columns are preserved in this field and the field may not 
extend past column 69. 


The following rules must be observed when preparing a J@B Card: 


@ The first character for a free-time program 
must be alphabetic. 


® Single blank columns are permitted for ease 
in reading and are ignored. 


e The characters following the comma after the 
program name are used as the heading line for 
printer output. 


e The card is terminated by two consecutive 
blank columns or at column 69 (end of heading). 


Any J@B card which does not follow the prescribed format is 
ignored by the Free-Time Executive Program, and the JOB Card 
is printed, followed by an error message. 


3.1.3 J@B Control Card Examples 
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Language Processing and Debugging (LPD) System 


The LPD System is used to compile, test and add new programs 
to the over-all program system. : 


The LPD System has the ability to: 


1. 


26 


Compile and assemble programs. 
Compile and execute directly ("compile and go"). 
"Load and go." 


Output compiled programs to bulk memory or to 
binary cards. 


Test programs stored in bulk memory. Octal 
corrections are permitted. Snapshot dumps, and 
starting and ending run addresses may be specified. 


Specify a bulk memory area in which storing of 
information is permitted and the availability of 
each input/output device. 


Maintain programs in bulk memory which are: 


a. run under control of the System MONITOR. 
b. run by the Free-Time System. 
c. available to the Debugging System. 


Maintain a FORTRAN library of subroutines in 
bulk memory. 


Maintain a table of symbols and their values or 
locations which have been specified as "common" 
and to provide the ability to: 


a. add the common symbols, from a program which 
has been compiled, to the common symbol table. 
b. remove the entire common symbol table. 


c. load a new common symbol table from binary cards. 


The LPD System consists of: 


1. A series of programs, each designed to do a 
particular function, such as compile, test, 
read cards, punch cards, print and check card 
validity. 


2. A sequencing program which processes control 
cards and chooses the programe to accomplish 
the desired function. 


Programs may be entered into the system by one of two methods: 


* e Compiling FORTRAN language statements. 
* e@ Loading binary cards produced by the GE/PAC language 
processor. 


The program name or number and the particular library into 
which this program is being placed are specified on the 
compile or load control card preceding the input deck. 


Program libraries exist for the following: 


(1). Real-Time Programs (numbered programs, 1, 2, 
- 3, ...) executed directly by MONITOR. The 
system status of these programs. must be specified 
when the program is entered in this library. 


(2). Free-Time Programs (six character alphanumeric 
names, LOADER, DUMP, etc.) executed by FIX. Free- 
time programs may not directly initiate the 
execution of (turn on) real-time programs. 


(3) Either real or free-time programs, which have 
not been tested, executed by LPD. 
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3.2.1 Control Cards 


The order of parameters on control cards is immaterial, since 
the names of the fields uniquely identify the action to be 
taken. However, the first field must identify the type of 
Control Card. 


Single blank columns may be used for formating and clarity. 
They are ignored by the LPD System. Two blank columns in 
a row signify the end of information on a card. 


* Four types of control cards exist for the LPD System. 
1. Actions to be taken by the LPD System. 


a. FIN - signifies the end of a job. All programs 
in temporary status are removed and control 
is returned to FTX which will process the 
next J@B. 


b. DIAGNOSTIC COMPILE - initiates a FORTRAN compilation 
and no object program is produced. 


c. COMPILE - initiates a FORTRAN compilation or a PAL 
assembly, and transfers the object program to 
bulk memory. 


d. LOAD - loads the following binary program or symbol 
table card deck into bulk memory. 


e, TEST - transfers a free-time untested program to 
core for execution by LPD. 


f£. REMOVE - removes from the system a program or symbol 
table which has been entered by LOAD or COMPILE. 


The REMOVE card can be followed only by an action control card. 
The FIN can be followed only by a J@B card. 


Each of these cards, except REMOVE and FIN, are followed 
by either language cards to be compiled, binary deck to 
be loaded, or cards giving TEST operating conditions or 
data. 


2. The TEST operating condition cards are CORRECT, DUMP, 
and EXECUTE. These cards modify the program, specify 
the breakpoints for dumping, and supply additional 
information for processing enviornment. 


*Revised 
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4. 


a. CORRECT - corrects the program as it exists in 
core using symbolic or numeric addresses 
and octal contents. 


b. DUMP - gives locations and limits for snapshot 
dump s . 


c, EXECUTE - executes the program between given locations. 


The System Protection cards are BULK STORE, INPUT DEVICES, 
OUTPUT DEVICES. and PROGRAM. These cards specify the 
memory and input/output protection during the testing of 
& program, and defines those real-time programs which 

may be legally initiated by that program. 


a. BULK STORE - specifies the bulk area into which 
the program being tested may write. 


b. INPUT DEVICES - specifies the input devices which the 
program being tested may use. 


c. OUTPUT DEVICES - specifies the output devices which 
the program being tested may use. 


d, PROGRAM - allows the program being tested to initiate 
the execution of programs in the Real- 
Time Library through the Real-Time 
Executive Program. 


All of the above cards have a variable format with fields 
separated by commas. Each field is uniquely identified 
by the first six characters or by the prepositions "TO," 
“FROM,’' or “'AT."' All fields, except the first field 
(card name), may appear in any order. If there are 

less than six characters in a program name, blanks are 
added for the remaining characters to form a unique six- 
character identifier. (Any field may exceed six 
characters.) 


Numeric addresses are assumed to be relative to the 
beginning of the program except on the BULK STORE Card. 


Other control cards are; 

a. END COMPILATION ~ indicates the end of a FORTRAN deck. 

b, END TEST = indicates the end of a program test deck. 

c. REAL TIME STATUS ~ specifies the operating parameters 
for a PERMANENT program running under 


the Real~Time Executive Program. 
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3.2.2 Control Card Usage 


"Action-to~be-taken" Examples 


FIN 


FIN signifies "end of job" and removes all programs in the 
ayeren that are in temporary eee testing) status. 
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An option on the FIN cards allows the programmer to determine 
what programs are in the system and how much bulk storage is 
used by them. 


If 


Ls 


oe 


a catalog is requested, the following items are listed. 


Names (Numbers) and sizes for: 


a. 
b. 
Cc. 
d. 


Real-Time Programs in =pesmanent status .** 


Free-Time Programs in "permanent" status. 
Programs in the FORTRAN Library. 
Programs (either Real-Time or Free-Time) in "keep" status. 


Total bulk memory required for: 


a. 
b. 
Cc. 
d. 


Real-Time Programs ] 
Free-Time Programs 

FORTRAN Library Subroutines 
Programs in "KEEP" Status. 


Available Bulk Memory 


**Programs in PERMANENT status are under direct control of the Free-~ 
Time or Real-Time Executive Programs, Programs in KEEP status may 
be run only under the LPD System. 
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When a FIN Card is missing or another card error results in 
ignoring the FIN Card, a subsequent J@B Card may appear to be 
out of sequence. If this happens, the J@B Card is treated as 
a FIN Card, and the job is ignored. 


LOAD 


The LOAD Control Card loads a binary program deck and symbol 
table deck into bulk memory. Programs are identified by the 
program number (three digits), or the first six characters 
(excluding blanks) of the program name. If no name or 
number is given, the LPD system assigns the name TEMPO] 
(temporary status) to the program. An attempt to load sub- 
sequent programs with no name stated, prior to a FIN Card, 
causes these programs to be ignored. The status of the a 
program may be specified either KEEP or PERMANENT. If no 
status is specified, the program is placed in temporary 
status and is removed by a FIN card. 


Programs in the KEEP state are retained in bulk memory follow- 
ing a FIN Card and may only be called by the LPD program via 
a TEST Card. Programs in the PERMANENT state are also 
retained in bulk memory following a FIN card, but they may 

be initiated either by the Free-Time Executive Program via 

a J@B Card or by the Real-Time Executive Program via a 
program turn-on. 


Programs placed in PERMANENT status must be identifi: «3 Sy: 


1. a number for a real-time functional progra* 
operating under the Real-Time (MONITOR) Executive 
Program. (This LOAD Card must be followed by a 
REAL TIME STATUS Card). 


2. a symbolic name for a free-time library program 
which is called with a J@B Card. 


REAL TIME STATUS 


A PERMANENT program operating under control of the Real-Time 
Executive Program must have its operating parameters specified 
on a Real-Time Status Card. The following states are assumed 
if no status is specified on the REAL TIME STATUS Card: 


1. Interrupts will be permitted to occur. 


2. The program's core area is available for use by 
higher priority programs. 


3. The program can be initiated by a JOB Card. 


3-9 


By 


mye 
123°4°5) ne 


Operating conditions other than those shown above may 
be specified as follows: ° 


1. INHIBITED 
2. UNAVAILABLE 
3. NO JOB 


Every LOAD or C@MPILE card specifying a PERMANENT real-time 
(numbered) program must be followed by a REAL TIME STATUS 


Card. 
An additional status, FORTRAN LIBRARY, is used for programs 


which were compiled as FORTRAN LIBRARY subroutines. These 
subroutines are loaded without symbol tables. 
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The program is in temporary status and will be remove: from 
the system by a FIN card. 
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¥ To load a binary deck produced by the Free-Time System. 


separator 


binary deck 


* To load a binary deck from some other source. 


separator 


other cards | 


program deck 
AD 
LPD 


separator 


y 
binary deck 
$ 


JOB 


* A symbol table will be expected by the loader. If 
none exists, an extra blank card must be included. 
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It is not removed by the FIN 


Card and need not be reloaded for subsequent testing. 


The program is placed in KEEP status. 
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A new symbol table is loaded if the program: name is SYMBOL TABLE. 
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The FORTRAN language cards following this card are compiled using 


the common symbol table.- 


listed with the proper error indicators. 
The LIST option produces a printout of all input 
The common symbol table is not revised to include the 


not saved. 

statements. 
common symbols from this program. 
by an END COMPILATION Card. 
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The CARD option produces a program deck and a symbol table 
including only symbols which have been used. This deck consists 
of: 


1. The binary program deck (including all subroutines 
which have been obtained from the FORTRAN subroutine 
library), 
2. a separator card, 
3. the symbol table used by this progran, 
4. separator card, 
Each card in the deck will contain the six-character or three-digit 
name and a sequence number in the last ten columns. This deck may 


be loaded by using a LOAD card. 


COMPILATION 
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Fortran deck 
COMPILE 


J@B ,LPD 


GE/PAC Symbolic 
4060 and 
Octal listing 


Program deck 
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before compilation and in the program being compiled, only the 


value from the program being compiled 


led to the common symbol table. 
is saved. 
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The ADD SYMBOLS option of the COMPILE Card adds the common symbols 
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REMOVE 


Using the REMOVE card, programs may be removed from any library (real-time, 
free-time, or FORTRAN Subroutine Library) or the common symbol table 

may be cleared. Specify the program by either the three-digit number 

or the six-character alpha-numeric name and the status(PERMANENT or KEEP). 


When a REMOVE, SYMBOL TABLE is requested, the symbol table is dumped on 
binary cards. 


Before an existing program or the symbol table is replaced, it must 
be removed from the system by a REMOVE card. 
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TEST 
The program named on the TEST card, is tested as follows: 
* 1. The program is called from bulk memory. 


2. The operating conditions, as specified in the system 
protection cards, are set. 


3. The program is modified according to the CORRECT cards. 
4. Traps are placed in the program to initiate snapshot dumps. 
5. The program is executed. 


All cards specifying conditions for the first program segment must 
follow the TEST card, but precede the first EXECUTE card. Similarly, 
all cards for the second segment must follow the first EXECUTE Card 
and precede the second EXECUTE Card, etc. The program name may be 
either symbolic or numeric. If no program name is given, the program 
name TEMPOL (temporary status) is assumed. 


The test deck must be followed by an END TEST card. 
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* A 4K core area (4096 locations) is available for testing a program. 


An attempt to test a larger program results in loading and testing 
the first 4K of the program. 


* The program symbol table allows a maximum of 600 symbols. All 
symbols exceeding 600 are dropped after compilation, and are not 
available for symbolic references during a TEST. 
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Test Operating Condition Examples 


EXECUTE 


* The EXECUTE Card initiates the running of a program segment. It gives 
the first and last locations to be executed during the debugging of this 
segment. When an EXECUTE Card is encountered, the program is executed 
Starting at the FROM location and continuing until: 


1. an invalid Branch Instruction is encountered, 

2. the T@ location is executed, 

3. the maximum time limit specified on the EXECUTE card 
is exceeded, or 

4, a MONITOR Turn Program Off request is encountered. 


The maximum allowable running time for each segment of the test is 
specified on the EXECUTE Card. If no time is specified, the maximum 
time is set to one minute. 


If the FROM Statement is not given, execution starts at the first 
location of the program. When the T@ statement is not given, the 
segment is terminated by either the maximum real-time being exceeded, 
.a program turn off, or an invalid branch instruction. 


Symbolic or numeric locations (relative to the beginning of the program) 
may De used in the EXECUTE Card. 
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Data cards which are read by the program being tested must follow the 
EXECUTE card for the segment(s) containing the READ statements. 


CORRECT 


The CORRECT card permits octal corrections (only) to be made to a 
segment while it is being tested. It also permits insertion of data 

* in a symbolic common location. Numeric addresses are assumed to be 
relative to the beginning of the program. Corrections are sequential, 
starting with the location following "AT". Corrections are right- 
justified if less than eight digits in length and two consecutive 
commas are interpreted as "skip one location." 


In card example 17a given below, there is one eight digit correction, 
one correction with four leading zeros and four digits, followed by a 
skip and a word of zeros. The last comma could be removed without 
affecting the correction. 


A maximum of 27 corrections and "skips" may be entered on each card. 
Corrections are retained only until the END TEST Card is encountered. 
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* Since a program includes only instruction and data areas as compiled, 
the programmer must provide any additional area needed during debugging 
unless the program is less than 4K. 
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DUMP 


The DUMP Card displays the contents of the specified areas or location 
. on the printer before the designated instruction is executed. The 

format of the DUMP is either floating or fixed point decimal (integer) 
depending on whether the FORTRAN definition of the beginning label is 
floating or fixed. If the definition is neither floating or fixed 

* (example: STEMP), the format is octal. The format inferred by the 
label may be overridden by using a stated option. Permissible options. 
are INTEGER, REAL, and OCTAL. This allows the programmer to follow 
the data formats as declared at compilation time. 


* All DUMP requests are removed at the end of each program segment. 
Therefore, all dumps desired between EXECUTE Cards must be specified. 
When more than twenty DUMP Cards are entered between EXECUTE Cards, 
only the first twenty are used, 
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System Protection Examples 


If no system protection cards are included in the deck, the program 
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* will only be allowed to store in its own area or in COMMON, and branch 
within its own area. 
BULK: STORE 
The BULK STORE allows the program being debugged to transfer data from 
core to the designated area in bulk memory. Symbolic labels must’ be 
absolute bulk storage locations. Numeric addresses must be entered as 
octal. Bulk store parameters are effective until either a new BULK ST@RE 
or the END TEST Card is encountered. 

2 3°4, s'6 7;8 le 110 12 13°14 15 sel e 0 20 21. ‘22: 23, 24 ‘ot 25126! 27 8 29 ‘30 20 32/33/36 35°36. 47 38 ‘a9! 40: ayaa! 43) 44 s'46 47.48 49/50 ‘SI ‘52 33 5. 
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Be ‘The. program tra ee 
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men mn bs Boe tt csi a . 3 ; Aw gaed + emp s be 

2a pits t it ig ba | | |: 
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4 \ ; : ‘ 3 : : $ 7 : . 
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% Input/Output During Testing 
These cards are used to specify which I/O devices may be used by the 
program being tested. They are effective until the END TEST card is 
encountered. Device numbers (i) are FORTRAN device numbers. I1 not 
stated, device 0 is assumed. All devices of one type must be speci- 
fied on one card. , 
INPUT DEVICES 
This card is effective until a new INPUT DEVICES card is encountered. 
1. READi specifies a card reader, paper tape reader, or 
input typer. 
2. LINKi specifies data link input. 
OUTPUT DEVICES 
This card is effective until a new OUIPUT DEVICES card is encountered. 
1. PRINTi specifies an output typer or printer. 
2. PUNCHi specifies a card or paper tape punch. 
3. LINKi specifies data link output. 
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PROGRAM 
The PROGRAM Card tells which real-time programs may be turned on by 
the program being tested. Programs to be turned on are specified by 
their program number. 
Programs which are considered a part of MONITOR (e.g. Input, Output) 
may not be turned on. (See Appendix A. ) Program card parameters are 
effective until either a new PROGRAM Card or the END TEST Card is 
encountered. 
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Violation of any of the above system protection restrictions by program 
is noted by an error printout (See 3.2.4 - Card Errors). The card in 
error is ignored. 
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OPERATING INSTRUCTIONS 
Card Handling 


Review all card decks to insure that they are in correct order, 
For instance, a COMPILE request should have: 


l. J@B Card 

2. C@MPILE Card 

3. FORTRAN Deck or Decks 

4, END C@MPILATI@N Card 

5. FIN Card 
A L@AD request should have: 

1, J@®B Card 

2. L@AD Card 

3. Binary Deck 

4. Separator Card 
If there is a symbol table to be loaded, there must also be a 
symbol table deck and another separator card. 
If the program is not being loaded in the KEEP or temporary status, 
there must be no symbol deck. A program in the KEEP or temporary 
status with no symbol deck must have an additional separator card 
added at the end of the deck. Note: A blank card may be substi- 
tuted for a separator card, 
A TEST deck should have: 

1. J@B Card 

2. TEST Card 

3. C@RRECT Cards (Optional) 

4, DUMP Cards (Optional) 

5. System Protection Cards (Optional) 

6. EXECUTE Cards 


7. END TEST Card 


8. FIN 


Place the card deck in the input hopper and press the demand button 
on the card reader. 
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Operating Requirements 


Refer to the operating instructions for the card reader, printer, 
and card punch. 


A run may be aborted at any time that the LPD System is not 
reading cards by pressing the Input Demand Button on the card 
reader, This action simulates reading of a FIN Card and the 
JOB is terminated. 


If LPD is reading cards, turn the card reader off. This 
simulates peripheral failure, and action should be taken accord- 
ing to paragraph 4.3. 


Other free-time programs can be aborted in the same manner 
by checking the input demand flag, or by peripheral failure 
on an input request. 


Peripheral Failures 


When there is a malfunction on any of the peripheral equipment, 
the system types the appropriate error message: 


LINK2 FAILURE 
READ1L FAILURE 
PUNCH] FAILURE 


The operator notifies the system if the device will be repaired. 
If a repair is not possible, the Free-Time System turns itself 
off and the J@B must be restarted after the repair has been made. 


APPENDIX A 


RESTRICTIONS 


* 1. Program or symbol names should not begin with the 
following identifiers: 


KEEP AT 
PERMAN (ENT) TO 
ADDSYM (B@LS) FROM 


FORTRA(N) REAL 
TEMPOL INTEGER 
SYMBOL MCTAL 
CARD 


* 2. The first six letters of any two program or symbol 
names should not be the same. 


3. No temporary locations (BSS) are permitted within the 
program, for instance, those produced by PAL coding. All 
temporary locations (BSS) are placed at the end of the 
program by FORTRAN. 


4. Information placed after column 69 on the control card is 
ignored. 


5. The following Monitor functional programs may not be called 
using the J@B card or by a Turn Program On request: 


Output Program 

Input Program 

Corrective Action Diagnostic 
Free-Time Executive Program 
Operator Routines. 
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LIST OF CONTROL CARDS CONTAINING ALL OPTIONS 
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APPENDIX C 
ERROR MESSAGES 
System Protection Errors 


Messages are printed when an error is located within a 
program which violates the system protection rules as defined 
by the test system correction cards. 


When an invalid instruction is found, an error message, 
"TLLEGAL XXXXX, relative address, instruction, contents of 
the Index Register or Device or 0", is printed. XXXXX may be 
a STORE INST, BRANCH INST, I/O INST, MTR ENTRY, BULK TRANS, 
Q@@MED INST, RPTED INST, or INPUT REQST. 


Examples: 

1. ILLEGAL STORE INST. 00076 32340174 00000012 
2. ILLEGAL I/O INST. 00043 25430000 00002400 
3. ILLEGAL BRANCH INST. 00042 14040163 00000000 
Control Card Errors 


Messages are printed when control cards do not contain valid 
information, or when the deck following the control card does 
not match the control card. 


Checking begins with the first J@B Card and all cards following 
are tested for correct format. An error is indicated by the 
appropriate message following the listing of the card in crror. 
No processing is accomplished on this card. Subsequent cards 
are processed in the normal manner. 


1. No program name or number on the J@B Card. 
JOB 
ILLEGAL PROGRAM REQUEST 


2. Program name starting with a non-alphabetic character 
(free time program). 
JOB, 6DUMP 
ILLEGAL PROGRAM REQUEST 


3. Program name not in the library (free time or real time). 
J@B, SZYGXK 
NOT IN LIBRARY 
or 
J@B, 125369 
NOT IN LIBRARY 


10. 


ll. 


LZ: 


i3 


14, 


APPENDIX C (contd.) 


The second field on the FIN Card is not CATALOG. 
FIN, CXTALOG 
ILLEGAL FIELD 


The second field on the DIAGNOSTIC COMPILE Card is not LIST. 
DIAGNOSTIC COMPILE, JUST 
ILLEGAL FIELD 


Program name is the same as another field on the card. 
(See Appendix A). 

COMPILE, PERMANENT, CARD, PERMANENT 

ILLEGAL FIELD 


Unidentifiable or excessive fields on any card 
REMOVE, CARDEX, PERMANENT, LIST 
ILLEGAL FIELD 


A non-FORTRAN deck following a COMPILE card. 
SYNTAX ERROR on every card 


A non-binary deck following a LOAD card. 
FORMAT ERROR YPKO0300335 
Columns 70-80 of the first card in error will be printed. 


Missing separator cards. 
FORMAT ERROR 


Slashes, numbers greater than seven, or alphabetics in 
the CORRECTION field of the CORRECT Card. 


CORRECT, AT ALPHA, 0493602K8 
ILLEGAL FIELD 


CORRECT, AT BETA, /04567 
ILLEGAL FIELD 


The given symbol does not exist in the Symbol Table. 
DUMP, AT XGMPX, FROM A, TO B 
ILLEGAL FIELD 


A missing field or a blank field where no blank field is 
permitted (no status was specified). 

REMOVE, 41 

ILLEGAL FIELD 


Program number of compiled or loaded program too big. 


LOAD, 99362, PERMANENT 
ILLEGAL PROGRAM NAME 
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APPENDIX C (contd. ) 


15. Attempting to add a program which already exists without 
using a remove card. 
LOAD, 15, PERMANENT 
ILLEGAL PROGRAM NAME 


16. Attempting to remove a non-existent program 
REMOVE, 92, PERMANENT 
ILLEGAL PROGRAM NAME 


17. Attempting to remove an operating real-time program. 
REMOVE, 21, PERMANENT 
PROGRAM ON 


18. Overloading bulk memory 
NO TEMPORARY BULK STORAGE AVAILABLE 


19. Attempting to compile a FORTRAN program with too many 
statements. 
NOT ENOUGH TEMPORARY BULK STORAGE FOR COMPILATION 


20. Missing FIN Card. 
NO FIN CARD 


21. Too many DUMP Cards between EXECUTE Cards or an unidentified 
card, 
ILLEGAL CARD 


Programming Errors 

Messages are printed following the listing of a compiled and 
assembled program to call attention to errors made by the 
programmer, These errors may cause the program to be loaded 
incorrectly, resulting in an invalid run. XXXXXX in the 


messages denotes program or subroutine name. 


1. Requesting a FORTRAN subroutine which is not in the FORTRAN 
library. No action taken. 


XXXXXX SUBROUTINE REQUESTED, NOT IN FORTRAN LIBRARY 


2. Requests for library subroutines exceed 100. Remainéers 
are noted in error messages and ignored. 


TOO MANY LIB CALLS. REQUEST FOR XXXXXX NOT INCLUDED 
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APPENDIX C (contd.) 
Attempt to include a function or subroutine with a 


program to be added to the FORTRAN library. The sub- 
program is ignored. 


FORTRAN LIBRARY PROGRAM XXXXXX HAS A SUBPROGRAM 


More than one status given for a program which has a 
name or number. Program is added to undebugged library. 


TOO MANY STATUS FIELDS SPECIFIED, ASSUME KEEP STATUS 
A program without a name or number has a status specified, 
Program is given name TEMP0O1 and is added to undebugged 
library. 


STATUS SPECIFIED, N@ NAME GIVEN. ASSUME TEMP STATUS. 


A program deck was requested, but the card punch failed 
during the punchout. 


PUNCH BAD OR OUT OF SERVICE, PROGRAM DECK INCOMPLETE 
Number of labels referenced in program exceeds 600. 
The remainder are ignored and cannot be referenced 
symbolically on TEST deck cards. 

TOO MANY LABELS. EXCESS LABELS CANNOT BE REFERENCED 


The program exceeds the scratch bulk storage area. The 
program is deleted. 


PROGRAM BEING ASSEMBLED EXCEEDS BULK SCRATCH AREA, 
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ILLUSTRATIONS 
Page 
Load and Test (Load & Go) 3-25, 3-26, 3-29 
Compile and Test (Compile & Go) 3-30, 3-33 
Enter New Symbol Table 3-22 
Enter New Program into Real-Time Library 3743 
Enter New Program into Free-Time Library 3-13 
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INTRODUCTION 


This manual describes the capabilities and usage of the General Free-Time System 
for the GE/PAC* 4050-4060 computers. 


The purpose of the General Free-Time System is to provide the user with the 
ability to compile, test, and execute functional programs in a real-time 
environment. Existing service programs may be initiated by a control card. 

New programs may be tested and entered into the overall system in easy stages, 
starting with an untested program and arriving at an operating real-time program. 


This system provides "load and go" or "compile and go" with testing at the 
symbolic level, using the names of FORTRAN variables. The dynamic relocation 
ef programs and automatic allocation of storage frees the programmer from any 
concern other than the successful compilation and testing of his program. 


The GE/PAC family of programming manuals consists of separate, compiete booklets, 
each of which deals with a specific subject. The FREE-ZT{ME SYSTEM MANUAL is the 
sixth in this series of publications and can be identified as such by the use 

of the numeral six prefix in paragraph headings and subheadings. 


Reference is made in the test to the following pu eaerous which are available 
through the Programming Library: 


YPG5IM - MONITOR USER'S MANUAL, 
YPG14M ~ FORTRAN REFERENCE MANUAL, 
° YPG12M - PROCESS ASSEMBLER LANGUAGE MANUAL 


* Registered Trademark of the General Electric Company. 
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GENERAL PURPOSE 


The primary purpose of the GE/PAC Process Control Computer is to react 


. automatically to real~time process conditions. However, there is 


normally a considerable amount of time, called free-time, available for 
computations which are independent of the real-time process. The Free-~ 
Time System is designed to make use of this time without disturbing the 
operation of the real-time system, 


PURPOSE OF FREE-TIME SYSTEM 


An operator using the Free«Time System may request the execution of 


‘any free-time program not related to the process and some real~time 


programs which are related to the process. Execution is requested via 
a control card describing the desired program. Real-time programs are 


- designated by their program-priority numbers in the Process System, 


Free-Time programs are designated by the first six characters of their 
name, 


PURPOSE OF THE LANGUAGE PROCESSING AND TEST FUNCTION 


The purpose of the Language Processing and Test (LPT) Function within 
the Free-Time System is to provide the user with the ability to compile, 
test, and maintain several libraries of programs. This is done during 
the free-time which is available even while the GE/PAC is on-line. Both 
real-time and free-time programs may be processed and maintained by LPT. 
Provisions aiso exist to maintain the system common symbol table and the 
FORTRAN subroutine library. All of these functions are requested by 
control cards. 


Ll, Language Processing ~ Compiles FORTRAN and PAL language programs 
and enters them into the free-time, real-time, or TEST library 
on request. 


2. Testing - Tests the compiled programs under real~time conditions. 
3. System Protection - Protects the system from the actions of 


untested programs by using the memory and input/output protection 
hardware, 
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6,2 SYSTEM CAPABILITIES 
The System has the ability to: 
1. Request, through control cards, the execution of real-time programs 
associated with the process, or free-time programs independent of 
the process, 


2. Compile and/or test programs during on-line operation of the GE/PAC, 


3. Add or remove programs from the real-time, free-time, or FORTRAN 
subroutine libraries, 


4, Add or remove tables from the data table library (option), 
5. Permit modification to the list of common symbols, 


6, Protect the system against disruption by untested programs. 


6.3 SYSTEM PROTECTION 


System protection prevents an untested program from destroying information 
outside its own area or from disturbing the rest of the system. 


Any untested program is allowed to; 

1. Branch to any location within its own area, 

2. Store into its own area or free=-time permanent core area, 
Monitor and Input/Output subroutine requests are trapped and interpreted 
before they are executed, because untested programs must not have access 


to such devices as the Multiple Output Distributor, Time Output Contact, 
Scanner, etc. 
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6.4 SYSTEM REQUIREMENTS 


6.4.1 


6.4.2 


HARDWARE 


Input to the Free=Time System is accomplished by punched cards; output 
is by optional punched cards or printing. Certain devices are required 
for a minimum system. These are: 

1. GE/PAC 4050,4060 - 16K Core Minimum 

2. Bulk Storage Device 

3. Card Reader 

4. Input/Output Typewriter 
For optimum system communication, a second printing device is recommended. 
This could be an Anelex line printer, a Selectric output typewriter, or a 
Model B output typewriter. Also, if it is desired to maintain binary 


card decks for back-up of all programs, a card punch is a required 
peripheral device. (See COMPILE Control Card, P. 26.) 


SOFTWARE 


The Monitor used with the Free-Time System contains communication for the 
peripheral devices chosen. 


Programs in all libraries must conform to the following rules: 
1. All programs must be assembled with a starting location of 
zero. (The ORG or DCW pseudo=ops are considered illegal by 


the assembler.) 


2. All storage areas not relative to the program must be in 
permanent core or bulk storage; 


3, All input/output requests must be made through standard Monitor 
or FORTRAN communication, 
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6,5 SYSTEM ORGANIZATION 


61561 BULK ORGANIZATION 


Sizes shown below are approximate. They are given to indicate 
the relative size of the units within the Bulk Organization. 


Various 
Sizes, Monitor, Submonitor, OPR 
Static 
LPT Programs 
Fixed 
LPT SAVE Area 
System EQL Table 
Real-Time Library Catalog (Optional) 
: FORTRAN Library Catalog 
Various 
Sizes, Free-Time Library Catalog 
Static 
Data Table Library Catalog (Optional) 
Untested Library Catalog 
Real-Time Library 
FORTRAN Subroutine Library 
: Free-Time Library 
Various 
Sizes, Data Table Library (Optional) 
Dynamic 


Untested Library 


Temporary Bulk Area 
(LPT Scratch Area) 


By 


6.5.2 CORE ORGANIZATION 


1. GENERAL 
Address 0 The Monitor shown includes all peripheral devices 
needed by the Free-Time System plus a full Sub- 
ne ee monitor. It does not include those drivers 
associated with Process I/0, nor does it include 
permanent core system functions. 
~~ 4K 
COMMON 
Real-Time Core Area 
(N-8)K 
or When the LPT is running, this area of core is 
(N-5)K used for its programs. 
NK 
(N> 16) 


NK = Maximum Core Area 


2. LPT USAGE OF CORE 


A. Language Processing B. Testing (numbers are approximate) 


8K 
Compiler 
or 


Memory Protect 
Software 


Program Being Tested 


Assembler 
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6.5.3 PROGRAM ORGANIZATION 


Real-Time 
1-3; 1-14 1274 Free-Time | Syatem 
Program _ Program ha sa | | Program (FTX) 
Highest Second Third 
Priority Priority Priority 
Lowest Priorit 
(Free-Time programs are not assigned priorities.) 
ee @ canary ma ae tea RRS cro ementastetermemsire So ee e@ 
Free-Time lFree-Time Language Free-Time Free-Time 
Program | Program Processing .- Program System 
and Test 
Function (LPT 
| FORTRAN 
: Language 
PAL Processing 
ASSEMBLER | and Test 
a ' Function 
Programs Being Tested 
Ce - ee 60 
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6.6 SYSTEM DESCRIPTION 


6.6.1 FREE-TIME EXECUTIVE PROGRAM (FTX) 


The. Free-Time Executive Program is under direct control of the Monitor 
system (as outlined on P. 9). It is called via the Real-Time Executive. 
Program by the INPUT DEMAND Button on the card reader. The Free-Time 
Executive Program finds the name of the program to be executed by read-. 
ing a JOB Card. When the JOB Card calls for a free-time program, the 
Free-Time Executive Program makes request for Monitor to operate the 
program, 


If the JOB Card requests a valid real-time program, a request is made 
to the Real-Time Executive Program to execute the program. Some real- 
time programs may not be called by a JOB Card. For example, the Output 
Program is only turned on by the Output Request Subroutine; the Input 
Program is initiated by the Input Driver, etc.+ When a request is made 
which violates the Monitor system rules, the JOB Card is fenced, and 
an error message is printed. 


6.6.2 JOB CONTROL CARD 


The JOB Control Card identifies the beginning of the card deck associated 
" with a job. The JOB Card specifies the program to be turned on, and, if 
it is a free-time program, specifies a heading line for printer output. 


The JOB Card contains three fields, separated by commas, The last field 
terminates in Column 80. Single blank columns are ignored except in the 
heading, and may be used anywhere for clarity. 


The first field of the JOB Card must contain only the word "J@B". 


The second field contains the program name or number and is interpreted 
as ‘follows: 


1. If the first character is numeric, the field is assumed to con- 
tain three or fewer digits, which is the real-time program number. 


EXAMPLE 1: 


Pettey 20] 22a 2sfae|as 25272 alla 3] 9] 4] 35 29 sl 39a | (ealeate 
ay GOcHUHMPARBA ae aAMDAGARAMINANGGRGIHANAAMANANAARAUONIGIRAMEMRARCGED 
SASESERREHHEUGGHERCHESUGEREEEHAANRRERERSCOHESNSRAETHRREOREROE, 


Real-Time pEceren - Called by } Monitor Priority Number. 


tee fer to Appendix A. 


tis 


2. If the first character is alphabetic, the first six characters. . 
of the field are used as the name of a free-time program. 


If the program referred to is a free-time program, the third 
field is used as the printer output heading for the job. 


sa{s1{ sal sal sa! 55] sols7! sa'se isojesiea 62} 64 


[6s 16667 fa os] vc} ruizal7s 74173} 76|77{ 70179] 


SORE EAUNIARACeREeRT ne eTe rm 
LESSGRATE STRATA LARABUALROOTAOTTIL 
li] kd BEGURER KDE SREB THERES! Pree oe ett CCE rh 


EXAMPLE: 3: 
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Free-Time Program with Name Less Than Six Characters and Printer Heading. 
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| 
Spaces Added for Clarity Using Example 3. 


EXAMPLE 5: 
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Free-Time Program With A Name of More Than Six Characters. 
The first six characters (spaces deleted) make up progran name. 


EXAMPLE 6: 
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Abbreviated Form of Example 5. 


Any JOB Card which does not follow the prescribed format is ignored by 
the Free-Time Executive Progras, and the card is printed, followed by an 
error message. 
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6.7 LANGUAGE PROCESSING AND TEST (LPT) FUNCTION 


6.7.1 GENERAL INFORMATION 


The LPT Function is used to compile, test, and add new programs to the 
over-all program system. 


The LPT Function has the ability to: 
1. Compile and assemble, then: 


a. Output the program to bulk, 
b. Execute the program ("compile and go"), and 
c., Output a binary program deck (Card punch necessary). 


2. Load a program from binary cards, then: 


a. Output the program to bulk, and/or 
b. Execute the program - "load and go" (Card punch necessary). 


3 


3. Test programs stored in bulk memory. The programmer may: 


a. Make octal corrections, 

b. Take snapshot dumps, starting and ending run addresses, 

c. Specify a bulk memory area in which storing of information is 
permitted, 

d. Specify the availability of each input/output device. 


4, Maintain programs in bulk memory which are: 
a. Run under control of the System Monitor, 
b. Run by the Free-Time Systen, 
c. Available to the TEST System. 
5. Maintain a library of FORTRAN subroutines in bulk memory. 


6. Maintain a library of data tables (optional). 


7. Maintain a table of symbols and their values or locations which 
have been specified as "common", and to provide the ability to: 


a. Add or remove symbols from the common symbol table, 

b. Remove the entire common symbol table (Card punch necessary). 

c. Load a new common symbol table from binary cards (Card punch 
necessary). 
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The LPT Function consists of: 
1. A series of programs, each designed to do a particular function, 
such as read cards, check card validity, compile, test, punch 


cards, and print. 


2. A sequencing program which processes control cards and chooses 
the programs to accomplish the desired function. 


Programs may be entered into the Free-Time System by one of two methods: 
1. Compiling FORTRAN language statements. 
2. Loading binary cards produced by the GE/PAC language processor. 
The program name or number and the particular library into which this 
program is being placed are specified on the COMPILE or LOAD Control Card 
preceding the input deck. 
Program libraries exist for the following: 
1. Real-time programs (numbered programs, 1, 2, 3, ...) executed 
directly by Monitor. The system status of these programs must be 


specified when the program is entered in this library. 


2. Free-time programs (six character alphanumeric names, LOAFER, 
CURVEF, etc.) executed by FTX. 


3% FORTRAN subroutines which may be called by any program when that 
program is compiled. 


4. Data tables (numbered) which may be retrieved by any program 
(option). 


5. Untested real- or free-time programs, executed by LPT under 
surveillance of memory = protect hardware and software. 


LPT CARDS ,. GENERAL DESCRIPTION 


Single blank columns may be used in coding for formatting and clarity. 


They are ignored by the LPT Function. Two blank columns in a row signify 
the end of information on a card. 


Four types of control cards exist for the LPT Function - Action, TEST 


Operating Condition, System Protection, and END. These cards are 
explained in detail, with examples, as they arise in the text. 


Athen 


. 
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6.7.2.1 


6.7.2.3 


Action Control Cards 
Action Control Cards indicate actions taken by the LPT Function: 


a. FIN’ - signifies the end of a job, All programs in temporary 
- gtatus are removed, and control is returned to FIX which 
will process the. next JOB. 
b, LOAD - loads the following binary program or symbol eae ‘eacd 
deck into bulk storage. 
ec. REMOVE - removes from the system a program or ayabel table which 
has been entered by LOAD or COMPILE. 
d. COMPILE - initiates a FORTRAN compilation or a PAL assembly, and 
_ transfers the object program to bulk storage. = a 
card punch, a binary deck may be produced. 3” 
e. TEST - transfers a free-time untested program to core Pon” 
execution by LPT. 


The REMOVE Card can be followed only by an action control card..-The 


FIN Card can be followed only by a JOB Card. 


Each of the others is followed by either language cards to be compiled, 
a binary deck to be loaded, or cards giving TEST operating conditions 
or data. . . 


TEST Operating Condition Cards 


TEST Operating Condition Cards are CORRECT, DUMP, and EXECUTE. These 
cards modify the program, specify the breakpoints for dumping, and 


supply additional information for processing environment. 


a. CORRECT - corrects the program as it exists in core, using’ 
symbolic or numeric addresses and octal contents. 


b. DUMP - gives locations and limits for snapshot dumps. 


c. EXECUTE - executes the program between given locations. 


System Protection Cards 


System Protection Cards are BULK STORE, INPUT, OUTPUT, and PROGRAM, 
These cards specify the memory and input/output protection during © 
the testing of a program, and define those real-time prOeests which 
may be legally initiated by that program. a. 


a. BULK STORE ~- specifies the bulk area into which the program 
being tested may write. 


bd. INPUT - spacifies the input devices which the progran being 
tested may use. 
c. OUTPUT - specifies the output devices ich, ‘the program being 


tested may use. 


_ da, PROGRAM ~ allows the phoeran being eae ced to initiate the 


execution of programs in the Real-Time Library 
through the Real-Time Executive Program. 
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All. of the Type 2 and Type 3 cards listed above have a variable format C 

with fields separated by commas. Each field is uniquely identified . 

by the first six characters or by the prepositions AT, FROM. or TO. 

If there are less than six characters in a program name, blanks are 

added for the remaining characters to form a unique six-character | 
identifier. (Any field wey exceed six characters.) 


Numeric addresses are decuiea to be relative to the beginning of the 
program except on the BULK STORE Card. 
6.7.2.4 ° END Cards 


END Cards are: ; ee "5 


a. END COMPILATION - indicates the end of a FORTRAN (symbolic) deck. 
b. END TEST - indicates the end of a program test deck. ‘ 


Both of these cards must be followed by an Action Control Card. 
Because of constant reference to these cards throughout the manual, 


they are noted ag they are first encountered, There is no separate 
section explaining these two cards. ~ 


6.7.3 LPT CARD USAGE a cr 
% ; , ? ~ 
O57 ,o41 Action Control Cards (Action To Be Taken 


FIN Control Cards 


FIN signifies "end of job" and removes all programs in the ayeeen 
that are in temporary (initial testing) status, — 


FIN Control Card ~- No Catalog Specified. 


An option on the FIN Cards allows, the programmer to determine what 
programs are in the system and how much bulk. storage is used by them. 
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EXAMPLE 8: 
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FIN Control Card =- Catalog re? 


‘ If a catalog is requested, the following items are listed: 


1. Names (Numbers) and sizes for: 


a. 
Des 
Gs 
d, 
Ce 


Real-time programs in "permanent" status .2 


Free-time programs in "permanent" status. 
Subroutines in the FORTRAN library. 

Data tables, 

Programs (éither real-time or free-time) in the TEST 
library. 


2. Total bulk memory required for: 


a. 
b. 
Cc. 
d. 
e. 


‘Real-time programs 


Free-time programs 

FORTRAN library subroutines — 
Data tables 

Programs in the TEST library 


3. Remaining bulk storage. 


“EXAMPLE 9; 
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FIN Control Card Used with Card Deck. 


rod 


2 
Programs in PERMANENT status are under diver: control of the Free-Time or 


Real-Time Executive Programs. Programs in the TEST library may be run only 


under the LPT Function 
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Card Deck 


J$B, LPT 
GE/PAC 
; SYSTEM 


When a FIN Card is missing or another card error results in ignoring 
the FIN Card, a subsequent JOB Card may appear to be out of sequence. 
If this happens, the JOB Card is treated as a FIN Card, and the job 
is ignored. : 


LOAD Control Card 


The Load Control Card loads a binary program deck and symbol tabie 
- deck into bulk storage = re om 


The first field on the card contains the word."LOAD" 


The second field on the card i's the program or data table number | 
(three digits), the first six characters (excluding blanks) of the 


. program name, or the word "SYMBOLS" In Example 10, the letters: 


CURVEF represent the program name. If no name is given, the LPT 
Function assigns the program to the TEST library in temporary status.. 
An attempt to load subsequent programs with no name stated, prior to 
a FIN Card, causes these programs to be ignored. The FIN Card causes 
removal of such temporary programs. : < : hk 


The third field indicates the status of the program as either — 
PERMANENT, KEEP, DATA, or FORTRAN (per Example 10). If-no status is 
‘specicified, the program is placed in the TEST library in temporary 
status and is removed by a FIN Card. This status indicates what 
happens to the material once action, as directed by the control card, 
has been completed. For example, the status KEEP*places the material 
into the TEST library on bulk, storage, to be called only by the TEST 
Card. Status is discussed following Example 10 and its illustrations. 
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) EXAMPLE 10: 
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Load A Binary Deck and Symbol Table 


The following illustration depicts a binary LOAD deck produced by 
the Free-Time System (with optional card-punch) and its storage (from 


Example 10). 


Separator 


Symbol Table 


Bulk 
Storage 


' GE/PAC 
SYSTEM 


| 


The following illustration depicts a binary LOAD deck from some 
‘source other than the Free-Time System. A symbol table is 
expected by the loader. If none exits, as per illustration, an 


hohe SAVE STATUS CARD contains an 8-digit octal number in Columns 1 through 8, 
stating the size of the Save Status Area for this program. It is punched by 
the system when binary cards are requested. It must be hand-processed and 
added to the deck if the source is other than the Free-Time System. 
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extra blank (separator) card must be included 


. This figure also 
applies to the coding from Example 10. ae 


Separator 


Binary deck 


+ Save Status 


B, LP’ 
Car 508, LPT 


Bulk 
Storage 


See Footnote on Page 19. 
No Status Specified 


If no status is specified on the LOAD Card, the program. is placed 


in the TEST library in temporary status and is emoe by a FIN’ 
“ 3 Card (per Example 11). 


EXAMPLE 11: 
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Load A Binary Card Deck and Symbol Table for Testing. 


(The program is in temporary status and is. removed from the 


system by the FIN Card. Note the use of the END TEST Card to 
halt the testing.) . ~ 
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The peur below illustrates the LOAD deck for in aaa LL: 


Symbol Table '@ 
_( Separator | 
Binary deck eee 
vee deck 
Save Status "Pages YP 
L@AD 
Card p 
J¢B, LPT 


Ieee Footnote on Page 19. 


KEEP Status 


Programs in KEEP status are. retained in the TEST library following a 
FIN Card and may only be called by the LPT Function via a ae Card, 


Be 


EXAMPLE 12: 
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To Load A Program for Subsequent Testing and Catalog genes 


In Example 12, the program is placed in KEEP status. It is not re- 
moved by the FIN Card and need not be reloaded for subsequent test- 
ing. A listing of all program libraries and the bulk Sheree? allo- 
cation (the catalog) is produced on the printer. 


Stic 


The following illustration depicts the deck, its storage, and the 
catalog printout: 


Program deck 


J@B ,LPT 

Bulk GE/PAC 
Storage SYSTEM 
Catalog 


PERMANENT Status 


Programs in the PERMANENT status are also retained in bulk storage 
following a FIN Card. They may be initiated either by the Free 
Time Executive Program via a JOB Card or. . by the Real-Time Executive 
Feces via a program turn-on. 


Programs placed in PERMANENT status must be identified by: 


1. A number, for a real-time bcsceiona program operating under 
‘the Real-Time Monitor Executive Program, or 


2. A symbolic name, cae a free-time library program which is 
called with a JOB Card. | 


A PERMANENT program operating undér control of the Real-Time Executive 


Program must have its operating parameters specified on the LOAD Card. 
The following states are assumed if no status is specified on the card; 
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1, The program's core area is available for use by Alene: 
priority programs. 


2. The program can be initiated by a JOB Card, 


3. The program éontains FORTRAN I/O requests subroutines, and/. 
' + or functions, 


Operating conditions other than those shown above may be specified 
as follows: 


‘1. UNAVAILABLE 
2. NO IPB 
3. NY SUBRSUTINES 
Every LOAD Card specifying a PERMANENT real-time (numbered) program 


must specify those conditions which will differ from the stated 
assumptions. 


The following examples give the coding for loading finished programs 
with PERMANENT status into free~time and real-time libraries. : 


EXAMPLE 13: 
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.; To Load A Finished Program into The Free-Time Libeary: 

In' Example 13, the program is to remain in bulk storage for regular 
use by programmers, Following this job, the program may be initiated 
by a JOB Card, eee ae ae 


In hemes: 1, the program will remain in bulk storage and can be 
initiated by the Real-Time Executive Program. The program will not — 
allow its core area to be used by another program during its . 
execution. The program cannot be initiated by a JOB Card. 


EXAMPLE 14: 
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To Load A Finished Program into The’ Real-Time Library. 


FORTRAN Status 


An additional status, FORTRAN, is used for programs which were 
compiled as FORTRAN subroutines. These subroutines are loaded | 
without symbol tables (per illustration, p.2Q). 


To load a binary deck into the FORTRAN subroutine library, use the 
following instruction: LAD, (program name), FPRTRAN. 


When it is desired to replace the removed system symbols, the binary 

deck produced by REMOVE, SYMBOLS (p.25 ) is preceded by the instruc- 
tion L@AD, SYMB@LS. 

REMOVE Control Ceca 


2 By using the REMOVE Control Card, programs may be removed from any 
, library, or the common symbol table may be cleared. 
. 


The first field of the REMOVE Catd contains the word "REMQVE". 
The second field of the card contains either the three-digit number 
or the six-character alpha-numeric name of the program, or the word 


"SYMB GIS". i 


The third field contains the status of the program (PERMANENT, KEEP, 
DATA, or FORTRAN). 


EXAMPLE 15: 
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Remove TEST Program "LEASTS" and Real-Time Eyeeree Number 41 
from The System and Print a Catalog. 
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The following illustration depicts Example 15: 


REM@VE 


JOB, LPT 


Two 
Programs Bulk Catalog 
Removed Storage 
When REMOVE, SYMBOLS is requested, the symbol table dumped on binary 
cards. This is an option - a card punch is necessary. 
EXAMPLE 16: 
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- Load A Symbol Table In Place of The Current-Common Symbol Table 


As shown in Example 16 and the illustration below, before an existing 
program or the symbol table is replaced, it thust be removed from the 
system by a REMOVE Card. 


<a 


Symbol Table 


[ roe 
{min 


J@B, LPT 


GE/PAC: < 
SYSTEM. <j 


Storage 


(Removed ) 
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COMPILE Control Card 


The FORTRAN (symbolic) language cards following the COMPILE Control 


Card are compiled using the common symbol table. 


The generated 


program is placed in bulk storage and is identified by the program 
number or data table number (three digits), or the first six charac- 


-ters (excluding blanks) of the program name. 
the second field of the card. 


This identification is 
Tf no name or number is given, the 


LPT Function assigns the program to the TEST library in temporary 


status. 
prior to a FIN Card, causes these programs to be ignored. 


Card causes removal of such temporary programs. 


An attempt to load subsequent programs with no name stated, 


The FIN 


The third field of the card is the status of the program and may be 


specified either PERMANENT, KEEP, DATA, or FORTRAN. 


T£ no status is 


specified, the program is placed in the TEST library in temporary 


status and is removed by a FIN Card. 


Explanation of status, in 


relationship to the COMPILE Card, with examples, follows. 


All symbolic decks beginning with a COMPTLE Control Card must be 


followed by an END COMPILATION Card. 
sie must have a key oi 


All cards in the symbolic 
Column 70 indicating whether they are PAL 


FORTRAN statements. The symbolic card preceding the END COMPI- 
LATION Card must be an END Card (symbolic) with a 7 in Column 70. 


No Status Specified 


= 


EXAMPLE 17: 
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In Example 17, 


Symbolic Compilation to Cards (Program Deck). 
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the name DEMAND is assigned. to the program. ‘Since 


PERMANENT, KEEP, DATA, or FORTRAN is. not given in the third field, 
the program is placed in temporary status’ ane is removed by the — 
FIN Card. 


1 


The numeral "6" indicates PAL. ssp 
The numeral "7" indicates FORTRAN, 
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‘The following illustration depicts Example 17: 


J@B, LPT 


GE/PAC 
SYSTEM | 


Bulk 
Storage 


Program 
Listing 


ery 


KEEP Status 


| Programs in KEEP status are retained in the TEST library following 
_a FIN Card and may be called only by the LPT Function via a TEST 
Card. 


EXAMPLE 18: 
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FORTRAN Compilation - Program to Remain in Bulk Storage 


275 


ae 


The following illustration depicts Example 18: 


’ ND -COMPILATION 


GE/PAC | 
SYSTEM 


Bulk 
Storage 


Program | 
Listing 


‘Example 18 shows a program which is not tested and may only be 


called by LPT. It is not removed from the System by the FIN Card. 


PERMANENT Status ue | 


a 


Programs in PERMANENT status are also retained in bulk storage 
following a FIN Card, but they are initiated either by the Free- 
Time Executive Program via a JOB Card or by the Real-Time Executive 
Program via a program turn-on. = a 


H 


i ; 
Programs placed in PERMANENT status must be identified by: 


1. A number for a real-time functional program operating under 
the Real-Time Monitor Executive Program, or . é 


2. <A symbalic name for a free-time library. program which is 
called with a JOB Card. i 8 - 


A PERMANENT program operating undér: control of the Real-Time 
Executive Program must have its operating parameters specified on 


the COMPILE Card, The following states are assumed if no status is 


specified on the card: 
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1. The program’s core area is available for use by higher-~ 
priority programs. 


2. The program can be initiated by a JOB Card. 


3. The program contains FORTRAN I/O requests ‘subroutines, and/ 
or functions. 


Operating conditions other then those shown above may be specified 
as follows: | 


1. UNAVAILABLE 

2. NO JOB 

3. N SUBROUTINES 
Every COMPILE Control Card eee a PERMANENT real-time (numbered) 
program must specify those conditions which will differ from the 
stated assumptions. 


FORTRAN Status 


An additional status, FORTRAN, is used for programs which are to be 
compiled as FORTRAN subroutines. These may be called by any program. 


NO LIST Option 


The NO LIST option suppresses symbolic Listing of both input stdte~ 
ments and the generated PAL Losin in iGrser to increase speed of’ 
compilation. x 


CARDS Option 
The CARDS option produces a deck which. consists of: 


i 


1. A binary program deck (iaetusine all mubyoutiaee which have 
been obtained from the FORTRAN subroutine library). 


2. A separator (blank) card. 
3. The symbol table used by this program, 
4. <A separator (blank) card. 
Each card in the deck will contain the six-character or three-digit 


name and a sequence number in the last ten columns . This deck may 
be loaded using a LOAD Card. _¢ ot 


m2Q = 


EXAMPLE 19: . a | ( 
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FORTRAN (Symbolic) Compilation - No Name Specified. 


Since no name is specified, temporary status is implied. A card 
output is specified. The compiled program is not tested. It may be 
loaded and run for testing purposes only, under control of LPT. 


The following illustration depicts Example 19: 


n 


" Other cards ; a 


END COMPILATION 


Symbolic deck 


Symbolic 
and 


Gian IO eS 
’ Program deck 


SYMBOLS Option 


GE/PAC 
SYSTEM | Soi 
Listing 


The SYMBOLS option of the COMPILE Card adds the common symbols to 

the common symbol table from the program being compiled. When the 

same name is defined in the common symbol table, both before com~ 

pilation and in the program being compiled, only the value from the 
+ program being compiled is saved, 


a 
eS 
oA 


EXAMPLE 20: 
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FORTRAN Compilation Adding The Comoe a in Program 29 to the 
Common Symbol Table, 


The following example shows a batch compilation of several programs: 


EXAMPLE 21: 
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FORTRAN Ben toneton of Several Programs in Various Stages of 
Testing. 
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The following illustration depicts Example 21: 


¢ END COMPILATION 


Symbolic deck 
COMPILE 


(Symbolic deck 
’ COMPILE 


END CG@MPILATIGN 
Symbolic deck 
COMPILE 
JOB, LPT 


a GE/PAC =| Program 
EROp roo Geek SYSTEM Listing 


Bulk 
| Storage 
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DIAGNOSTIC Option 


Using the option with DIAGNOSTIC in the second field, generated programs 
are not saved, and the compiler produces a printout of all input state- 
ments. Ail statements containing errors are indicated with the proper 
error message. The common symbol table cannot be revised to include the _ 
common symbols from this program, The FORTRAN (symbolic) deck is follow- 
ed by the END COMPILATION Card. . 


. EXAMPLE 22: 
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Compilation (Diagnostic) with Symbolic Listing. 
The following illustration depicts Example 22: 
( Other catds 


END ok 


—_ 


Symbolic deck 


J@B, LPT 


GE/PAC 
SYSTEM 


Symbolic 
Listing 
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ee COMPILE, DIAGNZSTIC, N@ LIST suppresses all printing other than éstate- 
ments in error plus corresponding error messages. The following coding 
example and illustration show the use of this option. 


EXAMPLE 23: 
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Compilation (Diagnostic) and No Program Listing 
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(END C@MPILATIP 
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ymbolic deck 
COMPILE ,DIAGNO 


Other cards 


Error GE/PAC 
Listing SYSTEM 
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TEST Control Card 


The TEST Control Card has a first field, which contains the word "TEST", 
and a second field which is the ires-dizit or six-character name of the 
program to be tested, 


The program named on the TEST Card is tested as follows: 


1. The program is called from bulk storage. 


eq 


2. The operating conditions are set using: 


a. System Protection Cards - Section 6.7.3.3 
b. CORRECT Cards for modification = Section 6.7.3.2 
c. DUMP Cards to initiate snapshot dumps ~ Section 6.7.3.2 


3. The program is executed, (EXECUTE Card - Section 6.7.3.2 ) 
4, The TEST is terminated by an END TEST Card, __ 


EXECUTE Cards 
DUMP Cards 
CORRECT Cards 


System Pro- 4 
tection Cards 


At least one 
EXECUTE Card 
is necessary. 
More than one 
may be used ; 


More than one of each of 
these cards may be used. 
None are required, 


TEST Card 


The program named on the TEST Card may be either symbolic or numeric. 
If no program name is given, the tamporary program is assumed. The: 
TEST Deck must be followed by an END TEST Card, 


EXAMPLE 24; 
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Programs 31 And LEAST SQUARES Are To Be Tested. 
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Example 24 shows two tests performed following and prior to other portions 
of the LPT Function; therefore, neither JOB nor FIN Cards are indicated, . { 
The following illustration depicts Example 24: ) ~ 


e 


" Other Cards 


TEST 
Listing 


GE/PAC 
SYSTEM 


Bulk 
Storage 


A 4K core area (4032 locations) is available for testing a program, An 
attempt to test a larger program results in loading and testing only the 
first 4K of the program. : _ 


The program symbol table allows a maximum of 640 symbols, All symbols 
exceeding 640 are dropped after compilation and are not available for 
symbolic references during a TEST, ~~ is 


A TEST segment is defined by the starting and ending locations stated on | 
the EXECUTE Card. If no starting address is specified, the segment begins 
at Location Zero, a A 


Only one program at a time may be tested. However, each program may have _ 
more than one TEST segment. These TEST segments can be tested consecutively - 


using only one TEST Control Card, with condition cards and EXECUTE Cards 
initializing segment testing.. - : an , 


6. 


4 4 


All cards specifying conditions for the first TEST segment of the 
program must follow the TEST Control Card, but precede the first 
EXECUTE Card. Similarly, all condition cards for the second TEST 
seement of that program must follow the first EXECUTE Card and 
precede the second EXECUTE Card, etc. (See Example 25 and its 


illustration.) 
EXAMPLE 25: 
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The following illustration depicts Example 25: — 
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Segments of Program 31 Are To Be Tested 


eee 


EXECUTE , FROM ‘TEST Deck 


( Condition Cards 


Condition Cards 


aera 


Other Cards 


TEST 
Listing 


Storage 


| SYSTEM | 


«et feres Wr TEST Operatin Condition Cards Test Parameter Cards 


EXECUTE Card 

The EXECUTE Card initiates the running of a program segment, It gives 
the first (FROM) and last (TO) locations to be executed during the 
TEST of this segment. 


, If the FROM statement is not given, execution starts at the first 
location of the program. When the TO statement is not given, the 
sepment is terminated by either the maximum time being exceeded; a 
program turn-off, or an invalid branch instruction. 


The maximum allowable running time for each segment of the TEST is 
specified on the EXECUTE Card in minutes. If no time is specified 
(per Example 27, following), the maximum real-time allowed is set 
to one minute. 


When an EXECUTE Card is encountered, the program is executed start- 
ing at the FROM location and continuing until: 


1. An invalid branch instruction is encountered, 
2. The TO location is executed, 


3. The maximum time limit specified on the EXECUTE Card is 
exceeded. 


4, AMonitor Turn Program Off request is: encountered, (Refer 
to YPG5SIM - MONITOR USER'S MANUAL. ) 


EXAMPLE 26: 
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Execute A Program From the 10th Location After The Beginning Of 
The Program To The Symbolic Location G@BACK 


(The maximum real-time allowed for the test is three minutes.) 


The following example shows, coding which executes a program | 
from its origin to Statement $20: 


EXAMPLE 27: 
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Since no time is specified, the maximum real-time allowed for the test 
is. one minute. 


In the example below (Example 28), the EXECUTE cane is shown in use with 
other cards and a program deck, 


EXAMPLE 28: 
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This coding loads and executes a program from its origin until it ‘turns 
itself off, but for not longer than two minutes, If an invalid branch 
is encountered within the deck,. the program will be turned off. Because 
of KEEP status, the program will remain in bulk storage after the ; run, 
The following illustration depicts Example 28: 
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Data cards which are read by the program being tested must follow the 
EXECUTE Card for the segment(s) containing the READ statements. 


CORRECT Card ; 


The CORRECT Card permits octal corrections (only) to be made to a 
segment while it is being tested. It also permits insertion of data in 
a symbolic common location. Numeric addresses are assumed to be 
relative to the beginning of the program. Corrections are. sequential, 
starting with the location following AT. Corrections are right- 
justified if less than eight digits at eet and two consecutive 
commas are interpreted as "skip one location". | 
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In Example 29, there is one eight-digit correction, one correction 
with four leading zeros and four digits, followéd- by a skip and a 
word of zeros. The last comma can be removed without affecting the 
correction, 


EXAMPLE 30: 
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This example changes the 44th (octal) location from the beginning of 
the program to the instruction "branch to here plus three locations" 
(BRU * + 3). “ 


A maximum of 10 corrections and "skips" may be entered on each card. 
Corrections are retained only until the END TEST Card is encountered. 
A maximum of 15 CORRECT Cards may be entered between EXECUTE Cards. 


Since a program includes only instruction and. data areas as compiled, 


the programmer may use the additional area up to am: as needed for 
patches during TEST (ing). 


~4 1 


°° DUMP Card | _ ( 


The DUMP Card displays on the printer the contents of the area. specified 
between the locations prefixed by the prepositions FROM and TO as they — 
existed prior to the execution of the designated instruction (AT). . The 
format of the dump (Refer to Appendix E) is either floating~ or fixed~ 
point decimal (integer) depending, on whether the FORTRAN definition of 

the beginning (FROM) Labels is floating or fixed. [If the definition is Bh 
neither floating- nor fixed-point (example: S$TEMP), the format is octal. 

The format inferred by the label may be overridden by using a stated 
option, Permissible options are INTEGER, REAL, and OCTAL. This allows 

the programmer to follow the data formats as declared at compilation.time.. 


All DUMP requests are removed at the end of each program segment. ‘Therefore, 
all dumps desired between EXECUTE Cards must be specified. When more than 


five DUMP Cards are entered between EXECUTE Cards, only the first five are 
used, 


EXAMPLE 31: 
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Example 31 shows coding to display the contents of the locations from Be +s 4 
MARGIN to VAR inclusive when the program reaches the 163rd (octal) loca~ - 
tion from the beginning. The dump is in fixed-point format. a 
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Instead of the ent enteae TO, the number of words cesired may be used 
(per Example 32, below). When a FORTRAN statement number is to be 
specified as the BED location for any of the prepositions, the 
number must be preceded by a $ (dollar-sign). 


EXAMPLE 32; 
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Example 32 shows coding to display the contents of the 64-word table, 
DIGITS, in floating-point format, when the program reaches Statement 20, 


When only one item is desired, the preposteiou FROM is not necessarily 
included (as in Example 33). 


EXAMPLE 33: 
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} When the program reaches the 10th (decimal) location from the 
beginning, display the octal contents at. the eoeceaee BcOEeee 
location ITEM, (Example 33) 
Example 34 below executes a program from its origin to Statement 20, 
The TEST must not run longer than five minutes. TEST data is _ 
entered into ATABLE, and the temporary storage of the program is’ 
displayed in floating-point format on the printer nee the program 
reaches the fifth location after Statement 33. ; 
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The following illustration depicts Example 34: 


oe 


a & ~ 


TEST Deck 
CORRECT 


J@B, LPT 


GE/PAC Bulk 
SYSTEM Storage 
Test Deck 
and Dump 
Listing 


ah4s 


Example 35 ("compile and go") | below shows coding that séetnie the | 
following: 


1. eonntte the FORTRAN (syabolic) program LEAST SQUARES and punch 
@ program deck. 


2. Enter a change at the symbolic location SUMSQ. 


3, Execute the program from Statement 3 to four locations after 
Statement 10. 


4, When the program reaches the fourth location after Statement 
10, display on the printer the contents of symbolic location 
STIGMA in floating-point (SIGMA is a FORTRAN a 
symbol). 


5. Display the contents of the 150-word table starting at SUMA. 


6, Enter a new value in SUMSQ and re-run the program from Statement 
20 to Statement 10. 


7. When the program reaches Statement 30, display the contents of 
the locations from TABLE to BTABLE (inclusive) in floating- 
point format, 


8, Upon completion, remove program LEAST SQUARES from the System. 


EXAMPLE 35: 
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The following illustration depicts Example 35: 
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In Example 36, a program, ROOTFINDER, is in bulk storage in KEEP 
status. Execute the program from Statement 1 to the end. ' When the - 
program reaches Statement 45, display the contents of the 48-word 
floating-point table, ROOTS, Change the contents of the 135th , 
location from the beginning to a store instruction and repeat the 
test. ‘The program will remain in bulk storage after the test. 


EXAMPLE 36: 
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Test Where Program is in KEEP Status (Bulk Storage). 


“45~. - 


6.7.33 


System Protection Cards 


TE no system protection cards are included in the deck, the program will 


only be allowed to store in its own area or in COMMON, and branch within 
its own area, 


BULK STORE Cards 


The BULK STORE Card allows the program being tested to transfer data 
from core to the designated area in bulk storage. Symbolic labels 

must refer to absolute bulk storage locations. Numeric addresses must 
be entered as octal. Bulk store parameters are effective until either 

a new BULK STORE Card or the END TEST Card is encountered. The system 


“must reserve a bulk storage area in order for the programmer to know 


where on bulk certain locations exist. Example 37 shows coding for the 
BULK STORE using symbolic and numeric addresses. 
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The program being executed may transfer to bulk storage only 
between the specified locations. Symbolic names must refer to 
absolute locations. 


Tnput/Gutput During Testine (INPUT Card, OUTPUT Card 


These cards are used to specify which I/O devices may be used by the 
program being tested. They are effective until the END TEST Card is 
encountered. 


A peripheral may have more than one identifying number within the 
system. Device numbers "i" represent the FORTRAN Submonitor number 
of the input/output device as indicated the Monitor check list. If 
not stated, Device "0" is assumed. ; 
All devices of one type must be specified on one card, and no more 
than six devices may be placed on a card. 


INPUT Card — 


This card is effective until a new INPUT eara or END TEST Card 

is encountered, READi specifies a card reader, paper tape reader, 
cr input typer. ("i" represents a number assigned to each in- 
dividual input device.) 


~h6~ 
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} | OUTPUT Card 


This card is effective until a new OUTPUT Card or END TEST Card is 
encountered. PRINTi specified an output typer or printer, PUNCHi 
specifies a-card or paper tape punch. ("i" represents a number 
‘assigned to each individual output device.) 


EXAMPLE 38: 
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The program being executed may use only the specified input and 
output Gevices, i.e. card readér:. for: ‘input, printer and card punch 
for output. 


PROGRAM Card 


The PROGRAM Card tells which real-time programs may be turned on by 
the program being tested. Programs to be turned on are specified by - 
their program number. A maximum of four programe are allowed to be 
specified per PROGRAM Card. 


Sw 


Programs which are considered a part of Monitor (e.g. Input, Output) 
may not be turned on. (See Appendix A.) Program card parameters are 
effective until either a new PROGRAM Card or the END TEST Card is 


encountered, 
° 
EXAMPLE 39: 
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Initiation of Real~Time Programs Numbers 23 and 24. 


Violation of any of the above system protection restrictions by the 
program is noted by an error printout; the'card in error is ignored, 


In Example 40, the program, 25, is to be tested with the 
. following restrictions: os 7 
dee kt may request transfers to bulk storage only between 
octal addresses 463000 and 471200 inclusive. 


2. it may only make input requests through the card reader. 


3. Tt may only make output requests of the printer. 


4, It may initiate the execution of Real-Time Programs 4,5, 
and 15 aid . : 


Branch instructions are inserted at the 6th and 7th Locations after 
Statement 10. ’ 


When the program reaches Statement 56, the contents of 130 Locations 
starting with ATABLE will be displayed on the printer in fixed-point 
(integer)format. The program will be executed from its beginning to 
Statement 60, with a maximum time limit of five minutes. 


EXAMPLE 40; 
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To Compile and Test Program Number 25, 
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The illustration below depicts Example 40: 
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6.8 OPERATING INSTRUCTIONS 


6.8.1 


6.8.2 


CARD HANDLING 


Review all card decks to insure that they are in correct order so that 
an invalid run may be avoided. For instance, a COMPILE request should 
have: 


1. JOB Card. 

2. COMPILE Card. 

3. FORTRAN (symbolic) deck or decks. 
4. END COMPILATION Card. 

5. FIN Card. 


A LOAD request should have: 


1. JOB Card. 

2. LOAD Card, 

3, Binary (program) deck. 
4. FIN Card 


A TEST deck should have: 


JOB Card, 

TEST Card. 

CORRECT Cards (optional). 

DUMP Cards (optional). 

System Protection Cards (optional). 
EXECUTE Cards. 

END TEST Card. 

FIN Card. 
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Place the desired card deck in the input hopper and press the INPUT 
DEMAND Button on the card reader. 


OPERATING REQUIREMENTS 


Refer to respective. operating instructions furnished with each system 
for the card reader, printer, and card punch. 


A run may be aborted at any time that the LPT System is not reading 
cards by pressing the INPUT DEMAND Button on the card reader. This 
action simulates failure of the card reader, and the job is terminated. 


If LPT is reading cards, turn the card reader off. This simulates 
peripheral failure, and action should be taken according to Paragraph 
6.8.3. 


Other free-time programs can be aborted in the same manner by checking 
the input demand flag, or by peripheral failure on an input request. 


a ee 


6.8.3 


PERIPHERAL FAILURE 


When there is a malfunction on any of the peripheral equipment, 
Corrective Action Diagnostic types an appropriate error message. 


The operator notifies the system if the device will be repaired. 


If a repair is not possible, the Free-Time System turns- itself 
off and the job must be restarted after the repair has been made, 
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APPENDIX A 


RESTRICTIONS 


1, FREE-TIME SYSTEM RESTRICTIONS 


A. 


Program or symbol names should not begin with the following identifiers: 


1) KEEP 8) TO 

2) PERMAN (ENT) 9) FROM 

3) FORTRA (N) 10) REAL 

4) SYMBOL (S) 11) INTEGE (R) 

5) CARDS 12) OCTAL 

6) LPT 13) DIAGNO (STIC) 
7) AT 


Appendix D contains a list of all symbols preloaded in the System EQL Table. 


The first six letters of any two program or symbol names should not be the 
same . 


The following Monitor functional programs may not be called using the JOB 
Control Card or by a Turn Program On request: 


1) Output Program. 

2) Input Program. 

3) Corrective Action Diagnostic. 
4) Free-Time Executive Program, 
5) Operator Routines, 


GE/PAC PROCESS FORTRAN RESTRICTIONS 


Ag 


PAL 


Since all bulk allocation is accomplished by the system, the statements 
BEGIN PROGRAM AT and SEGMENT are not allowed. 


Normally, the compiler generates the data areas as referenced by the FORTRAN 


. statements. However, certain labels for variables are reserved for the 


system, Reference to these labels in a FORTRAN statement causes the compiled 
program to access these system vatiables. They are treated as if they had 
been DEFINED (refer to FORTRAN REFERENCE MANUAL). A list of these labels 
is included in Appendix D. 


{ 


the, 


LANGUAGE RESTRICTIONS . 


Since both bulk and core storage allocation is'done by the system, the ORG 
and DCW pseudo-operations are not allowed by the assembler. If used, they 
are flagged as illegal operations and are ignored. Each,.program is assem- 
bled relativeito Location 0. 


When the op=code and/or operand written by the'.programmer causes the assem- 
bler to generate. an illegal operation, or if the assembler cannot under- 
stand the instruction as written, the assembler replaces the offending 
instruction with one which has no effect (BRU*+1). 
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APPENDIX B 


LIST OF CONTROL CARDS CONTAINING EXAMPLES OF ALL OPTIONS 
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APPENDIX C 
1. SYSTEM PROTECTION ERRORS 


Messages are printed when an error is located within a program which violates 
the system protection rules as defined by the TEST System protection cards. 


When an invalid instruction is found, an error message, "ILLEGAL XXXXX, relat: ve 
address, instruction, contents of the Index Register or Device or 0O,"' is printed, 
XXXXX may be a STORE INST, BRANCH INST, IN/OUT INST, MTR ENTRY, BULK TRANS, OOM 
REQUEST, RPT REQUEST, INPUT REQUEST, OUTPUT REQUEST, or f*".P ADDRESS, 


EXAMPLES : 
A, JLLEGAL STORE INST 00076 32340174 00000012 
B. ILLEGAL IN/OUT INST 00043 25430000 00002400 
C. ILLEGAL BRANCH INST 00042 44040163 00000000 


An additional error message, ILLEGAL BRANCH ~ OUT OF BOUNDS TO / (absolute 
address), is printed when an attempt is made to branch above the maximum 
location allowed or below the minimum location allowed. 


2. PROGRAMMING ERRORS 
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a. No program I.D. on JOB Card. (e* is skipped 


' ELLEGAL CARD FIELD eT 
pens ‘Program not in librar ~Teard is Sieipned:. ere 
ic. Undefined field on a card, \Card is skipped. 
jd. Attempt to load or Raia | Program is not loaded. | 
an _ already-existant program. ms 
ie. More than one status on | Program is not icaded. 
COMPILE or LOAD Card. st oe m : 
; |£. Non-existant label on a TEST | Card is skipped, 
nme C12) 115 ao) ACL (<r Ce eI, De EL etn erm 
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i ib. Too many of a particular | | Card is skipped. 
type card ~ DUMP or CORRECT, 
'____ for example. 
ie, JOB Card is read, not follow- | The 50B following this  ‘ 
ing a FIN Card. ; card is lost. Must be 


i reloaded in card reader. 
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MESSAGE 


NOT ‘ENOUGH BULK 


| TLLEGAL LIB REQUEST 


TOO MANY SYMBOLS 


NO SYSTEM SYMBOLS 


| PROGRAM TURNED ON 


ee ee setts te 


APPENDIX C = contd 


. CAUSE 


ACTION TAKEN 


The scratch area remaining 
is too small to contain the 


Program is not 
compiled or loaded. 


present: 
a. Compilation, or 
b. Load, 


Subroutine cannot 
be appended to 
program. 

b. Program not included 

in any librar 


Excess are ignored. 


Program not included 
in any library. 


A requested subroutine 

did not follow the pro-= 
gram and was not in the 
FORTRAN library. 


More than 100 LIB 
requests 

c. Program being compiled 
for FORTRAN library has 
a subroutine. 


a, More than 640 references 
in this programa 


b. More than 1088 common 
symbols. 


A REMOVE, SYMBOLS was not 
followed by a LOAD, SYMBOLS. 


A request to remove a real- 
time program found the pro- 
gram running. 


Excess not included. 


System symbol table 
is not updated 


Program cannot be 
assembled. 


Request ignored, 
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APPENDIX D 


LIST OF SYSTEM EQLS 


The following labels are preloaded into the system EQL table; 


TYPE OF 
LABEL ENTRY VALUE OR MEANING 
CRDRDR EQL Priority Number of Card Reader 
PRTR EQL Priority Number of Printer 
SECND EQL Number of Time Counts in One Second 
CTYPER EQL Priority Number of the Console Typer 
CPUNCH EQL Priority Number of the Card Punch 
FTSKO1 EQL Disc Address of the Free-Time SAVE Area 
ECPCOL BRU MONITOR BRANCH VECTOR 
MAPO1 BRU See appropriate Monitor subroutine 
MAPO2 BRU write-up for usage. 
MAPO3 BRU 
MAPO4 BRU 
SRGCO1 BRU 
SRGCO2 BRU 
RRGCO1 BRU 
RRGCO2 BRU 
FRPCOL BRU 
GADCO1 BRU 
RMRCO1 BRU 
PAVCO2 BRU 
FMRCO1 BRU 
RMPCOL BRU 
@UTCOL BRU 
AUTCO2 BRU 
QPUTCO3 BRU 
PAVCO3 BRU 
PAVCO4 BRU 
INPCO1 BRU 
INPCO2 BRU 
DELCO1 BRU 
OFFCOL BRU 
TPNCO1 BRU 
TPNCO2 BRU 
PAVCOL BRU 
DTRCO1 BRU 
DTRCO2 BRU 
INCOL BRU 
PNHCOL BRU 
DRLCO1 BRU 
RRLCOL BRU 
DLRCO1L BRU Data Link 
DLRCO2 BRU Branch Vector 
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LABEL 


EOLF19 
EO2F19 
S INPUT 
SATPUT 
SDLDAT 
SDLLOC 
SDLHLT 
SREAD 
SPRINT 
SPUNCH 
SINTRP 
SDMYSU 
SPUTRP 
SBLKOT 
SBLKIN 
SBLKTP 
SIPTST 
SHLTIN 
SBLKHL 
SHLOUT 
SCGOTO 
SAGOTO 
QSTRAP 
ZERO 
ONE 


ISEVEN 
TEIGHT 
ININE 
ITEN 


TYPE OF 


ENTRY 


BRU 
BRU 
BRU 
BRU 
BRU 
BRU 
BRU 
BRU 
BRU 
BRU 
BRU 
BRU 
BRU 
BRU 
BRU 
BRU 
BRU 
BRU 
BRU 
BRU 
BRU 
BRU 
BRU 
CON 
CON 
CON 
CON 
CON 
CON 
CON 
CON 
CON 
CON 
CON 
CON 
CON 

_ CON 
CON 
CON 
CON 
CON 
CON 
CoN 
CON 
CON 
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APPENDIX D = contd 


VALUE OR MEANING 
Convert A Card Image Subroutine 
Convert One Column Subroutine 


Submonitor 
Branch Vector 


System Trap - BRU* 
Table of Integer Constants 


Table of Integer Constants for FORTRAN 
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LABEL 


TENXO 
TENX1 
TENX2 
TENX3 
TENX4 
TENX5 
TENX6 
TENX7 
TENX8 
TENX9 
MSKR3 
MSKR5 
MS KR6 
MSKR7 
MSKR8 
MSKRI11 
MSKR13 
MSKR14 
MSKR15 
MSKR16 
MSKR17 
MSKL5 
MSKL9 
MSKL18 
D24 
TIME 
TTIME 
COUNT 
LCOUNT 
PROGNOG 
PRIONOD 
DMCRNO 
PROG 


IPRPG 


AUXTM 
LAUXTM 
LCNT 
LPAGE 
PAGEN@ 
LPAGNO 
VCNT 
PTHB1 
OFFOL 


TYPE OF 
ENTRY 


CON 
CON 
CON 
CON 
CON 
CON 
CON 
CON 
CON 
CON 
CON 
CON 
CON 
CON 
CON 
CON 
CON 
CON 
CON 
CON 
CON 
CON 
CON 
CON 
CON 
CON 
CON 
CON 
CON 
BSS 
BSS 
BSS 
BSS 


USVsSeesesessessssosoa CUA sAysra ay 


BSS 


BSS 
BSS 
BSS 
CON 
BSS 
BSS 
BSS 
BSS 
EQL 


APPENDIX D = contd 


VALUE OR MEANING 


Table of Floating-Point. Powers of Ten. 


Table of Right=-Bit Masks. Number Denotes 
Bit Position of Highest Bit. 


Table of Left-Bit Masks. Number Denotes 
Number of Left-Bits In Mask. 


Decimal 24 

Time In Counts Since Midnight. 

Time In Counts Since Midnight (FORTRAN). 

Diagnostic Count Table. 

Diagnostic Count Table (FORTRAN). 

Running Program Number - Times 8. 

Running Program Number - Times 1. 

Running Program Number - Times 3. 

Table of Next Execution Times For All 
Real-Time Programs. 

Table of Next Execution Times For All 
Real-Time Programs (FORTRAN). 

Table of Auxiliary Time Counts. 

Table of Auxiliary Time Counts (FORTRAN). 

Number of Current Lines To Be Printed. 

Number of Lines To Be Printed Per Page. 

Current Page Number. 

Current Page Number (FORTRAN). 

Current Vertical Page Control. 

Current Heading. 

Free-Time Turn-Off Flag. 
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LABEL 


ALTFLG 
XFER 
DRMLOC 
SIZE 
CORLOC 
SAVIBL 
SECDAY 
ISECDY 
LK@UT 
DEROL 
DMDFLG 
DMD2 
RLIST1 
INPTB1 
COMMON 


TYPE OF 


ENTRY 


BSS 
BSS 
BSS 
BSS 
BSS 
BSS 
CON 
CON 


CON 9 


EQL 
BSS 
BSS 
BSS 
EQL 
EQL 


APPENDIX D_ = contd 


VALUE _OR MEANING 


Alternate Device Availability. 
Number of Bulk Transfers Waiting For Each Program. 
Three-Word Pointer For Each Real-Time Program. 


Table of Pointers for SAVE Status. 

Number of Time Counts In 24 Hours. 

Number of Time Counts In 24 Hours (FORTRAN). 
Constant Which Is Used To Lock-Out A Program. 
Derelativize An Address Subroutine. 

Flag Word For Demands From Various Demand Buttons 
Flag Word For Second Demands. 

Input Buffer For Card Reader. 

Punch Output Buffer. 

Start of FORTRAN Common Storage Area. 
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APPENDIX E 


DUMP FORMAT | 
This coding will produce the dump which follows: Where # = Octal 
sty yoonpea , X = Decimal 
os lishe! sla nee aif aa 9] 24 36] a9] 20129) Hayy 147 |4e] 45}s0}s1 52] sa] s¢| ss] 56/57] sel so [so fer}sz2]¢3)64les|oale7 fe}on] 70] 71 2s 26179] 794 = 

a eee ee a Og. Ht eee innanias aids Preece i E = Exponent 
! ae uy ROM TAB 3-7 FAAAHAEUUAGUBUNTARAREUEOERILERESET EERE 0 = Zero 
PUM at tg cone WORDS | ACTA BUUUUERAEHERAAERARUSEIED a ana, 
(Lhd in Adbitbi 


DUMP AT WARK 


A Q P T X2 X3 X4 X5 X6 '  X7 
DADAADSD AOADPOAD  PPPAAADD  HAdNpADOD ADPOD OOD PNODHOAD pAgnEe ee POODODDD  pddhesoe PPPDDODD 


“FROM VALUE | 4 
O.XXXXXE XK O.XXXXXE XX O.XKKKXE XK O,XXXXKE XX O.XXXKKE XX O.XKKKKE XX O.XXXXXE XK O.XXXKXE XX 0. XXXXKE XX O,XXKKOS 
O.XXKRXKE XX O,XXKXKE XX O.KXKKKE XX O.XXKXKE XX O,XKKKKE XK 


FROM LABEL 


YXKKX <XXXXX 9 XXXXX | | OXXKXK ss XXX XXXXX XXXXX XXXXK -- XKXXX XXXRX 
XXEXK XXXXX . -XXKXK | XKXKX XXXXK xxxxxl | 
FROM STEMP 


LOOPONDD PAPDODDD . PAPDDAOD  APADA NO AAPODANA HAANDIDD  poAEdAYD  popaooAp 
DODDDDDD  APLALODD  OADALADD  AAPANDAD  AADAADAA  AADAOAD  PAAAAADAD  PAPeApAS 
DDDOLODD  PPAAPEDA  PAANDODA  PAddA HDA | 


1 = NEXT 
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INTRODUCTION 


The objective of the MONITOR MANUAL is to present various ways of using the 
Monitor System in conjunction with GE/PAC* 4020 Process Automation Computers. 
Use of this manual is predicated upon, and presupposes the reader‘'s familiarity 
with, real-time system requirements, GE/PAC programming techniques, and Process 
Assembler Language. 


Designed aspecially for the user, the manual explains what Monitor does and 
what the programmer must ds to insure its successful operation. The publication 
also discusses individual subprograms which comprise the Monitor System, and 
includes the communications links which must be provided in the functional 
programs to allow necessary exchanges of data between Monitor and the outside 
world. A detailed analysis of Moniter logic is not included in this manual; 
rather, it is covered in the various Monitor program write-ups which are avail- 
able through the Programming Library. : 


Examples usad throughout the text showing various calling sequences are not to 
be construed as being the only method of using such calls. It would take more 
Space than is practicable te allow in such a text to show all the possibilities 
of each subroutine call. o 


*Registered Trademark of the General Electric Company 


GENERAL 


A real-time process is characterized by the occurrence of many events, some 
continuous, others random in nature. Events may occur simultaneously. A 
digital computer, however, is a serial device; that is, it performs its program 
options serially, one by one. Therefore, the matching of the digital computer 
and a real-time process requires a control system which coordinates the require- 
ments and characteristics of both. 


A GE/PAC Monitor is an operating system composed of a library of subprograms 
which provide the basis for a process computer system. It is the framework 
to.which the specific functional programs are added. The Monitor accomplishes 
- the timing and scheduling operations, input/output, internal data transfer, _ 
timed contact, multiple output, corrective action, initialization, etc. Many 
options are available which may or may not be included in a tailored Monitor 
System. : 


The user requests a tailored Monitor by checking the desired options on the 
Monitor Checklist, a copy of which is included in this manual (see Appendix D). 
Additional copies of the Checklist may be obtained upon request from the 
Programming Library. 
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EXECUTION OF MONITOR 


oh emt No 


THE EXECUTIVE CONTROL PROGRAM OF MONITOR 
EXECUTES SYSTEM FUNCTIONAL PROGRAMS PLUS | 
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ANALOG SCAN 
OFFSET 
_PROGRAM 


INPUT 
PROGRAM 


ON-LINE OPERATOR CALLS ON-LINE. 


‘INITIATED BY INTERRUPTS TO COMMUNICATE 


PROGRAM KEYBOARD DEBUGGING 
TYPEWRITER | ROUTINE SUCH WITH HARDWARE DEVICES, UPDATE SYSTEM 
| : AS LOADER, TIME, INITIATE DRUM TRANSFERS, ETC, 
MEMORY CHANGE, 
DUMP, ETC, 


. DRIVERS . 
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contd on page xi 


~Txe- 


I casa annlas tnemaetnetaarnaearotnees name amrieuneupananenetnenmamanren seen atten 


REMOTE ; 
DIGITAL SCAN 
REQUEST 


XN 


MULTIPLE .- 
OUTPUT 
REQUEST 


T cprenanasineienats 


TURN OFF 
PROGRAM 


ol ep 


DRUM/DISC 
TRANSFER . 
REQUEST 


tsa Onontreena Rien pete Wwe abD 


ain Det 


/ SET PROGRAM 
DELAY 
* 


branes copem tes meh pnb ACerS NTR 


PERFORMS REPETITIVE FUNCTIONS 
FOR MONITOR & SYSTEM 
FUNCTIONAL PROGRAMS. 


SUBROUTINES 
(RETURNS TO THE CALLING 
PROGRAM OR TO THE ECP 

IN SOME CASES. ) 


tt tartare 


CORE MAP \ 
MAINTENANCE 

TIMED CONTAC 
OUPPUT REQUaST 


OUTPUT 
REQUEST 


FIND 
REGISTER 
POINTER 


ATA PATE TN TP AI 


PIND SAVE 
STATUS 
POINTER 


Petes beet eeu 


SC 


REQUEST WORKING CORE 


AREA 


NAN EP 0 Rape MPRA TNE NE | 


SAVE 
REGISTERS 


RESTORE 
REGISTERS 


OUTPUT 
AVAILABILITY 
CHECK 


tec pte cast eons 


Weg ORE PAN SIE AS THY stew 


le 


bel 


* de 


SYSTEM DESCRIPTION 


Monitor consists of the component programs described below. 


EXECUTIVE CONTROL PROGRAM (ECP) 


° 


The Executive Control Program runs permitted and schedules the execution 
of programs based on priority, execution time, and core availability. 
System programs are executed in priority order by comparing the 
programs’ next execution time (PR@G_) with the current time (TIME). 

The highest priority program for whitch the execution time is equal to . 
or less than the current time is executed. When the execution time is 
current for a program, the ECP requests a transfer from drum or disc to 
core providing: 


1. The program ig not in core. 
2. The program is not presently being transferred. 
3. A core area is available. 


After the transfer has been completed, the program is initiated. If there 
is no available core area for that program, ECP tests the execution time 
for the next lower priority program, 


There are two levels of priority program search. The first allows the 
system program to indicate that the program X should be run next. The ECP 
would initiate the program if in core, or initiate the transfer into core, 


if there is room. This search is initiated by a TPNCO3 call. 


| 
I 


The second Program Priority search beginning level is at the top of the 
program list which will result from one of the following actions: 

MOD (Multiple Output Distributor - Alternate Recurn Only) 

TCG (Timed Contact Output - Alternate Return Only) 

ITC (Interrupt Time Counter Interrupt) 

DID (Drum/Disc Transfer Interrupts) 

SND (Scan Complete Interrupts) — 


L£ a program has a "turned off" or “locked eaett ude. in its PR@G location, 
it is not executed until a time for execution is assigned. 


There are three classifications of RESTSECe SeUcese for eune eto 
preerams: They are: 


Ll. Programs which have no register storage of their own, - 

2, Programs which have their own 8-word block of register storage, 

3. Programs which share an 8-word block of register storage with 
other functional programs. ar 


The current ECP priority order is defined in the PRGTBL Table. The latter 
is included in the Monitor @File tape and allows the programmer to change 
the priority of a program after the initial Monitor Assembly. - 


NOTE: Any direct branches to the ECP must be done in the inhibited state. 
The RSX Table is eliminated when all system programs have their own 
8-word register storage block. 


REGISTER POINTER TABLE (RSX) 


This table contains an index to the 8-word storage block for programs having full 
register storage or sharing storage, For programs with no register storage, the 
table contains the flip-flop status and the program's next entry location. 


A, 


Format for Shared or Single 8-Word Register Storage 


here ler saat 


23:22 21 0 


8-Word Register 


O = Return to ECP after ITC Timer or Rrum/piec Bi Gets Todex 


Transfer Complete Interrupts. 


| 1 = Return to Program after ITC Timer or 
Drum/Disc Transfer Complete Interrupts. 


B. Format for No Register Storage 


8 17.16 15 ____0 


1g 17 16 enn 
[R N| Gi Entry Location | 


N = 1: Negative Relative Entry Address (Bits 0-15). 
0: Positive Relative Entry Address (Bits 0-15) 
For an all-core system, N is always zero. 

1: Absolute Permanent Core Location 

O: Relative Address (Drum/Core) 

For an all-core system, Ris always zero. 


a 
a 


F = 1: Set Memory Fence; 0: Reset 
T= 1: Set Test Flip-Flop; 0: Reset | 
P= 1: Set Permit Interrupt; 0: Reset 
@ = 1: Set Overflow; 0: Reset 


NOTE: Each program will have one word, in numerical order, in the RSX 
Table beginning with ECP (Program Number zero). 


Examples: 


20 ji : . 
ex Lilol | - sfc 
pecebet ebb T ENTRY eae aie Program Number 


Program Number 


ar sone stnbenianesenae Program Number 
Sa pp pn 


Program Number 


om FP wo ro ee 


Program Number 


AREG 


prec. ol Qi ; RN DDR First 8-word Register 
Ee ec ee tee ee 

X3REG : ae ae (ECP) 

X4GREG | 

XSREG 

XGREG 


X7REG 
Second 8-word Registerx 


Storage Block 
Programs 2 and 3 


Third 8-word Register 
Storage Block 


Program 4 
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The other tables assisting the ECP in performing its functions are: 


PR¢GG - PROGRAM EXECUTION TIME TABLE 


TIME 00001433] (SYSTEM TIME COUNTS) 


Program # : 
l PRGG [40000000] PROGRAM OFF 
2 -[00001342| PROGRAM CURRENTLY RUNNING 
3 PROGRAM DELAYED 
4 LOCKED OUT. 
5 OFF 
6 OFF - 
7 PROGRAM ON 


DRUM/DISC TRANSFER CONTROL TABLE 


23 22 21 20 19 18 17 15 14 13 0 
PROGRAM DRMLGC {|01| BEGINNING DRUM/DISC ADDRESS 
ee Alc| t|N|F {Ww prRuM/pIsc {| SIZE OF PROGRAM* 
aang SIZE _ {CONTROLLER | 0 
P NDEX # | 
\_CORLGC RESERVED FOR BEGINNING CORE ADDRESS © 
FUTURE USE | 
DRMLGC+3 (n+1) . . 
SIZE+3 (n+1) Disc/Drum Transfer Control 
CORLOC+3 (n+1) 
CORLOCHSR Disc/Drum Transfer Control Group 


Q weGege am i#K 


A - Area availability on entry from ECP 
0 = Unavailable : 
.L = Available 


C - Core Status 
0 = Program is not in core 
1 = Program is in core 


T ~ Transfer Status 
0 = Program is not in transfer 
1 = Program is in transfer or has requested DTRCO2 transfer from/to 
bulk. 


*For programs with adjacent save status, this size figure includes save 
status and program. For programs with disjoint save status, this size 
figure is for program only. 


N - Current Area Status 
Q = Program is running with core area unavailable 
L = Program is running with core area available 


F ~ Fortran Available Sineoueins Usage Status 
@ = Program does not use subroutine while running siatiauie 
1 = Program uses subroutines while running available 


~h- 


W - Fixed working core status 
0 = Program can run anywhere in working core 
1 = Program must run from fixed working core area 


For permanent.core programs 


~ DRMLGC = 00000000, 


SIZE = 20000000, 


or 


200KKXXX , 
Size for documentation 
-only 


CORLOC =\QOOLLLLL, 


permanent core starting core address of program 


The Save Status Area Control Table is used for programs requiring 
temporary storage to be saved in an unprotected area on drum before 
overwriting. This feature is called Save Status. The ECP transfers 
the temporary storage of programs having Save Status to drum before 
another program is transferred,in its place. However, when a func - 
tional program is turned off, its temporary storage is not automa- 
tically saved on drum, 


Save Status is oteeunea by the Hine Save Status Pointer Subroutine 
(FSSCOL). 


Stara, GS 


SAVE STATUS AREA CONTROL TABLE 


SAVTBL 
n 


SAVSIZ 7 
. DRUM/DISC SIZE OF SAVE STATUS FOR 
a % CONTROLLER |- BOTH ADJACENT AND 
INDEX DISJOINT AREAS 
# 


Save Status Classification 


- 1 = Adjacent Save Status 
Q = Disjoint Save Status 
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23 16 15 


a aA im AP ETT S| 


_ [RESERVED FOR BEGINNING CORE ADDRESS 
ee | FUTURE USE | - | 


The determination of save status is by bit testing and counting of 
the STSBTS table. 


Bit Status 


= Program does not have Save Status 
= Program has Save Status 


+ 


Example: 


There are 50 programs in a system of which 10 have save status. 


STSBTS nO 04 O| 1) 
| O; 0: O} 
1 0! 
ore 
The Left of Bit 8 Summation of Bits In 
Previous Words 
PROGRAMS HAVING SAVE STATUS ASSOCIATED 3 WORD XFER GROUP USED 
2 0 (Group Consists of . 
6 . 1 SAVTIBL, SAVSIZ, 
‘ 16 2 and SAVL@C) 
14 3 
22 4 
28 5 
/ 35 6 
43 js ; 
49 3 
50 9 


The Find Save Status Subroutine (FSS) must be used by all systems having Save Status. 


ECP DISC/DRUM/CORE COMMUNICATIONS 


ro aneertamaeetae| 


#3 


‘ 7 i: No gare 
#5 6 #7 etc, 
#4, . BOE 
gi te ye - 
DISC/DRUM/CORE LOCATION TABLE - 


(Permanent Core) 


Permanent Working 


Core Core 
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‘ECP DRUM/DISC/CORE COMMUNICATIONS 


ap a a on 


4600, . 


OCCUPIED BUT AVAILABLE 
TO BE SAVED ON DRUM 


UNOCCUPIED CORE 


ATUS) 


(SAVE ST 


WORKING CORE 


\ 


PERMANENT 


ABLE CORE 


CORE 


UNAVAIL 


» 
KN. 


s 100, (standard 


\ 


OCCUPIED AREA MAP 
1 = Core Area Occupied by a Functional Program ' 


Each bit in the: following tables represents 64 core location 
UNUSED 


" .. block -size). 


AVAILABLE AREA MAP 


3.22 21 20 19 18 17 1615 1413121110 9 8 7 6 5 4 3 


2 i 90 


Ll = Core Area Unavailable for 


0. 0 0. 0.0. § 0.20 0. 0 0 0. 0.00.0 D8. 0 0. 0. 8D 
0.2020. 0.0.0: 0.20. 0.0 0: 0.0.6.0... 0.8.0 6.120 0) 0. 0 


UNUSED 


g 


Overwritin 


VE_ STATUS AREA MAP 


OCCUPLE 
23 22 21 20 19 18 17 16 15 14 13 12 13 10 9 8 7 6 


ae 


A 


000 0090 0600 00 00 00°00 0 0 0 


STSMAP 


1 
0000 0000000000 0 0 00 0 0 0 0 0 0 


QoO.0 0 09 0 6 0 0 09 0 0 0 0 0 21 


1 i oo 00 00 0 90 0 0 0 00 0 0 0 0 =0 


1 


1 = Occupied by save status 


UNUSED 


k 1.1.1 SAVE REGISTERS SUBROUTINE (SRG 


SRG saves the register contents and/or next entry location for a function-. 
al program. For functional programs having full register storage, A, Q, 
‘and X3 through X7-Registers for the interrupted program are transferred to 
the Register Storage Table. Otherwise, ony the next entry point to the 
functional program is saved. 


* 4.1.2 RESTORE REGISTERS SUBROUTINE (RRG) 


RRG returns to an interrupted program at the designated entry point. The © 
contents of register storage are transferred to the register locations 

for programs having full register storage. These values represent the con- 
tents of the various registers for the running program at the time of its 
last interrupt. 


1.2 TIME AND DIAGNOSTIC COUNT DRIVER (ITC) 


iTC uses two interrupts to control the system einiae. The first (non-in- 
hibitable) interrupt occurs each 16 2/3 MS on 60-cycle systems, or each 

20 MS on 50-cycle systems. Upon interrupt, a DMT counter is decreased by 
ene. When the counter equals minus one, the second ({inhibitable) inter- 

rupt is triggered. 


The second interrupt causes entry to ITC. The DMT counter is initialized 
4 by adding the number of 16 2/3 or 20 MS intervals in a time count. This 
" number, NCYCLE, must be evenly divisible into fifty/sixty and is speci- 
fied by the system programmer at assembly time. NCYCLE determines the 
length of time represented by one time count (ene second, 4% second, 
second, etc.). ITC increases the time of day (TIME) by one. The time of 
day is cleared at midnight and the calendar is updated. ITC also adjusts 
all program and auxiliary time counters at the beginning of each day. 
Auxiliary time counters are used by functional programs which require 
initiation at set time intervals (one minute, two minutes, etc.).Typical 
programs which may use auxiliary time counter are the Scan or Performance 
Calculations. 


ITG also tasts for interrupt driven device failures on the Peripheral. Buf- 
fer, Output Distributor, Scanner, etc. Each device is assigned a specified. 
COUNT which is used for counting the time required for activating a particu- 
lar device. This location (C@UNT) represents the maximum number of time 
count intervals in which action should be completed. If a COUNT becomes © 
negative, the device has failed and the Corrective Action Program is turned 
on. The system programmer may also count for special timing functions. When 
@ system count becomes negative, the ITC turns on a system program (APR@GM), 
which handles diagnostic functions. . 


When an interrupt occurs during the execution of (1) interruptable system 
subroutine, (2) Executive Control Program, (3) TIM/TOM Local Analog Scan 
Driver, or (4) a program having single-word register storage only, ITC 
returns immediately to the di subroutine. 


In all other cases, ITC returns contrel to the interrupted program or to 
the ECP, depending on Bit 22 being set in the Register Storage Table for 
systems having RSX. For those without RSX, ITC returns to ECP. 
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‘1.3 TURN PROGRAM OFF SUBROUTINE (GFF) 


The Turn Program Off Subroutine stops the ECP from initiating the 
execution of functional programs. Programs are turned off by placing 
the "off" constant, 40000000,, as the next execution time. Only a 

- running program may turn itsele off. 


After the "off" constant is stored, control is transferred to the ECP. 


To communicate with OFF, use the following calling sequences: 


SPB GFFCOL 
PRG 0,1,0,START,O 
Returns to the ECP >> Memory Fence 
Reset 
Overflow 
Reset 


ate Time 
j 00000631. | 
40000000 


ROG 


Program #5 
Set Permit 


Interrupt 
Test Flip-Flop 
Rese 
ct Ox : 
re gFFCO2 { 10004640 | sha 
PRG 0,1,0,START,0 oe 


Returns to the ECP 


(Reference: Page 2) 


Must be relative to start or 
zero (drum/disce systems only). 


The @FFCOZ2 call gives the programmer the ability to set the program area 
unoccupied and available while the program is turned off. Save status 
is not saved on drum/disc. Programs that are transferred from drum to 
core each time executed could effectively use this call. 


1.4 


wes 


ts 


“SPB DELCOL 


“1 = Area Available 


SET PROGRAM DELAY SUBROUTINE (DEL) 


for a specified time period. The delay, in time counts, is added 
current time and stored in PR@G for the: ce arees function. Only a 
program can delay itself. 


' DEL delays the execution of a functional program that is running currently © 


to the 
running 


The A, Q and X3 through i are saved for those programs having 


register SRgrsees 
To set a datas, use the following calling sequence: 


DEL 0O,3*SECND (ir of Secs.) 


Returns After Delay : System Clock 
600 <—____ TIME “00000600 
or +14 
SPB DELCO2 


DEL 1,3*SECND 
Returns After Delay 


Q = Area is set unavailable 
for overwriting during 
delay 


40000000 
40000001 __ | 


60000631 
00014200 


40000000 
40000000 
40000000 


The above example shows a 1/4-second system. 


Execution Times S 


<P Ee ogram 3) 


DELCOZ2 call gives the programmer the ability to set the program area 
unoccupied and available during longdelays. -Save status will not. be. 
saved on drum/disc. This call should be used by programs which dun at 
long time intervals. Setting the area unoccupied cuts down ECP map 
search time. Programs that are transferred from drum to core each time 


executed would also use this call effectively. 


TURN PROGRAM ON SUBROUTINE (TPN) 


The Turn Program On Subroutine is used to change the execution time of 
functional programs, The execution time and rae preenen number are 


given in the calling sequence. 


710- 


After the new execution time is stored for a program, control is Soe uraee 
to the calling function. 


Programs which are “locked out", next time of execution enOggO0r 3 may 
not be turned on by TPN. 


TPN returns with all ones in the A-Register when a request is made to 
turn a program on which is "Locked out". 


Execution Times 
40000000 


40000001 


00000631 
00014200 
| 40000000 
40000000 
40000000 


Turn Program 3 on PRGG 


LDZ 
SPB reNCOL 
CON G,HLOG . 


Return 


(Program 3) 


HL¢G EQL 3 


The TPNCOL call can turn a program on immediately or set any execution 
time desired in the PROG Table, 


To enter an execution time only if the ene has the off constant in 
the PR#G Table: 


IDA Execution Time or LDZ 


SPB TPNCO2 
CON G,HSCAN 
Return 
HSCAN EQL 8 


The following calling sequence allows the system programmer to specify 
which program will run next. If the program is in core, it will be 
entered immediately; if it is on drum, its transfer will be initiated. 


LDZ 
SPB TPNCO3 
CON G,MSCAN 


- MSCAN EQL 7 


At the next ECP entry, the MSCAN program is turned on. If this program 

has the "lockout" constant in its PRGG location, the request is ignored. 

An example of when to use the TPNCO3 subroutine call would be: If program 
#X decides that another program must run pigeraan tee makes a TPNCO3 

call and either delays or turns itself off. The use of this calling sequence 
is only required when a program is dynamic sane changing and the.computer 
speed is not fast enough to handle functions in théir normal sequence. 


= 


1.6 MAP MAINTENANCE SUBROUTINE (MAP). : 


‘MAP is used to update the core map tables (C@RMAP and AVLMAP). - Core areas 
may be set occupied, unoccupied, available, or unavailable. The following 
tables are maps of working core: . . >> 


SPB MAPO1 - Set Area Occupied or 
SPB MAPO2 ~ Set Area Unoccupied or 
SPB MAPO3 ~- Set Area Unavailable or 
SPB MAPO4 - Set Area Available 
Return to the calling program 


UNOCCUPIED CORE AREA MAP TABLE CQ@RMAP 


CORMAP 23 22 21 20191817 16 151413121110 9 8 7 6 5 43 21 0 
OO... el OO OL kd | | 
a es a A a ee a ee ee 
Oo0o0000O00000O000O00NDDOOOO 0 0 
bo oe a 0 a a a 1 Oo 
lr tf lif i 0 0 6-8 0 0 0 0.0 0 0 0.0 0.0 0 


In this table, "one" bits indicate that the core area represented is occupied 
by a functional program whether its area is available or not. 


+ ae 


. AVATLABLE CORE AREA MAP TABLE AVLMAP 


UNUSED 


In this table, "one” bits indicate that the core area is unavailable for use. 


Each bit represents 64K words of working core area. For example, if k = 1, 
each bit represents 64 words of core. The working core area of a 12K system 
f starts at fixed location 12000, in the above example. 
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In our example, five programs are in core occupying areas: 


_ 12000, - 12677 (Word 1, Bits O- 6) 


13300, - 14577, (Word 1, Bits 11 - 21) 
15400, - 17677. (Word 2, Bits 4 ~ 22) 
23200, - 24677. (Word 4, Bits 2 - 14) 
, 29000. - 25777. (Word 4, Bits 16 - 23) 


NOTE: The program in core area ech: - 12677, is running with its core 

' area available. 
The beginning of the map table ‘is the upper right hand bit of the 
table and the end is the lower left hand bit. 


DRUM/DISC TRANSFER REQUEST SUBROUTINE (DTR) 


DIR requests transfers between drum or disc and core memory. The core 
address of the 3-word transfer command and the program number plus the 
three words of the transfer group are stored in the Driver Table. DTR 
may return to the calling program immediately after the request is stored 
(DTRCOL) or eater the completion of the actual transfer, DIRCO2. 


SPB DTRCOL 

LDK DRMXFR (May be Indexed) 
Error Return (Driver Table Full) 
Normal Return i 


The Bulk Transfer Driver Program will process disc transfers as though all 
disc storage (within a controller) is continuous addressing. The 
programmer is not concerned eeeh data or programs physically split between 
agree platters. 


DRMKFR = Symbolic Address of (3) Word Transfer Command Group 


FORMAT OF (3) WORD TRANSFER GROUP | 


23 22 | 16 15 14 0 
'D| __Drum or Disc Address oo z 
_._ Controller No. | Number of Words _ 


Core Address 


D = Direction of Transfer 
O = Drum to Core 
1 = Core to Drum 


BUILDING PROCEDURE FOR (3) WORD TRANSFER GROUP 


DEL D, Buik Address 
FOR Controller No., Number of Words 
LDA Symbolic Core Address 


ey 


1.8 


1.9 


iL.i0 


pruM/DISC TRANSFER DRIVER (DTD) ~ 


DID initiates transfers between core memory and drum or diac: It is entered 
from the Drum/Disc Transfer Complete Interrupt. : 
Following each interrupt, a transfer is initiated by an QUT Drum/Disc POmanes 
Return from DID is to the interrupted program or the ECP, 


FIND REGISTER POINTER SUBROUTINE (FRP) 


FRP determines a program's type of register storage. It gives the starting 
address of the 8-word storage block or the next entry address for the speci- 
fied program.- 


LDA Program Number 
SPB FRPCOL 


Returns with the address in the eoneereas and Test 
Flip-Flop Status 


The test flip-flop is set if the program has full register storage. Other- 
wise, it is reset. 


See Register Pointer Table under Paragraph 1.1. 


FIND SAVE STATUS SUBROUTINE - (FSS) 


' FSS determines whether programs have save status. For those programs with 


save status, it gives the index to the 3-word save status transfer group 
(SAVIBL). | 


LDA Program Number 

SPB FSSCOL ae 
Returns with the index to the 3-word transfer group in the A-Regis- 
ter and Test Flip-Flop Status. _ c 


The test Flip-Flop is set if the program has save status. Otherwise, it is 
reset. . 


‘ 
} 


sigs: 


* 1.11 guchic/s QUTPUT AVAILABILITY CHECK’ SUBROUTINE 


guc is used whenever the programmer desires to.check the availability 
of an output device, a specific fixed data area, or to locate an 
available floating data area, If the request returns to the "avail- 

. able return", the calling function may assemble its message in the 
specified area prior to making the actual output request. 


A data area may be assigned to each output message representing the 
drum, disc, or permanent core area containing the message. When an 
output availability check is made and the area is available, the area 
is set unavailable and is set free again when the last character of . 
the output message is completed. 


The data area number is used as a tag to identify a message area. The . 
tag may apply to an individual message or a buffer which that message 
occupies. Until the driver removes the data area tag, no cther program 
can use this tag. 


Fixed Data Areas 

Fixed Data Areas are disjointed designated areas in core or bulk 
where output data words may be stored. The system must allocate, and 
system programs must check for, the specific area to be used. 

Floating Data Areas 

The Floating Data Areas are designated contiguous fixed areas in 


core (all-core) or on bulk (bulk-core) where output data words may_ 
be stored, The system program may use the first available area. 


Ba gt 


NOTE: On systems where format words are built, they may be stored. with 
the data words in the same data area, 


For a fixed area request, the Q-Register will contain data of an unknown 

_ Mature if the available return is made. The A-Register will contain. the 
number of the data area. For floating data areas, the address of the area 
to be used will be in the Q-Register upon return to the calling function. 
Bit 23 will indicate whether this is a core or bulk address. If this is 
a bulk address, Bit 23 is set and the Q-Register can be stored, without 
change, as the first word of the bulk transfer group. The A-Register 
contains the data area number. : 


For every "available return", where the data area was found, there must 
be an associated output request. The calling function must realize that 
an area remains reserved until output:is accomplished, therefore, if an 
area is requested it must be used or it will remain reserved and unused 
indefinitely. The calling function can release a reserved area by re- 
setting the data area's bit in the data area availability flag, DTAREA, 
For example, to release data area 13; ; 


@gM DTAREA 
RBK 13 
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* DTAREA , the data area availability flag, ‘is illustrated below: 


93.92 OY 90> 0 

OPR FREE. FIXED _°. FLOATING 
TIME AREAS "AREAS 
SYSTEM 


' Figure 1. FORMAT OF DTAREA 
Data areas 21-23 are reserved for the use of the OPR and Free-Time System. 
A predetermined number of areas. are reserved as fixed areas for the system. 
The remaining areas are considered to be floating areas, available on a 
first come, first served basis. The number of floating areas is equated — 
to DTANMB when the system's Monitor is built. 


guC determines the address of the data area by using the system's check . 
list words DIFBSE and DIFSZE, DTFBSE defines the beginning address of the 
first floating area (area number 0) and DIFSZE is equal to the size of a 
floating area, DIFSZE is defined by the system, but must be a multiple of 
64. . 


Calling Sequence 


p-1 LDA WORD 
. p SPB $UCCOL 
: pel Unavailable Return 
oe pt2 _ Normal Return 
ye? ° ‘ 
WERD GUF 0,CKAREA,FDAREA ,DVCHCK,0, 
DVPNG,0,0,DAREA 
Where: 
DAREA, Bits 0-4, specifies the area to be checked if a specific area 


check is requested.. 


DVENG, Bits 14-18, is the device priority number of the device to be 
checked (0 <n < 23). : 


DVCHCK, Bit 20 of the @UF word controls the device check. 0O = no 
device check, 1 = perform a device check. 


FDAREA, . Bit 21 of the Q@UF word controls the type of area check to be 
performed. If Bit 21 is set, this check is for an available © 
floating area. If Bit 21 is reset, this is a specific area 
check. ‘ 


- CKAREA, Bit 22 of the $UF word controls the area check. O = no area 
check, 1 = perform an area check. 


Upon entry, @UC examines Bit 20 of the QUF word. If Bit2 is set, a device 


check is performed. The particular peripheral, defined in Bits 14-18 of © 
the @UF word, are examined for failure, serviceability, and availability. 
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~ This test is performed by examining the BAD and $@S-.flags and the device's 
stacking table respectively. BAD, the peripheral failure flag, indicates _ 
which peripheral has actually failed, and #@S, the out-of-service flag, — 
indicates which peripherals are presently out-of-service (removed for 
repairs, preventive maintenance, etc.). 


A request stacking table exists for each device and this table is checked 

to determine if there is space for this request. This check is merely a 
determination of space at this time and does not reserve that space. There- 
fore, the calling function cannot rely on this space remaining available 
until a request is issued. When the actual output request is made, the 
table is re-examined and if space is not available, $UR, the Output Request 
Program initiates a delay until space is available. 


If Bit 22 of the QUT word is set, an area availability check is performed. 
After determining that an area check is required, Q@<UC examines Bit 21 to 
determine the type of check that is required. If Bit 21 equals 1, @UC is 
to find a floating area. A floating area is found by searching the data 
availability word, DTAREA, Once found, the area number is placed in the 
A-Register and its address in the Q-Register. If this is a bulk address, 
Bit 23 of the Q-Register is set. If an area is not available at this time, 


a return is made to the calling function with an unavailable indication in 
the A-Register. 


If a peripheral has failed, is out-of-service, has a full stacking table 
or has no area available at this time, control is transferred to the 
“unavailable return" with the proper indication set in the A-Register 

_ (see Figure 2). 


Contents of A Reason Action 


Stacking Table Full 


Delay and try again 


Device Failure Request an. alternate 


device or bypass output 


. 


Request an alternate 
device or bypass output 


Device out-of-service 


No data area available Delay and try again 


Figure 2, REASONS AND INDICATIONS OF UNAVALLABILITY 


2 : . » ° | 
The calling function must then take an appropriate action depending upon 
this indication. The indications are such that bit testing or a count of: 
significant zero's can be used to determine exact reason for unavailability. 


For bulk systems, the floating areas are located on bulk. For multiple 
bulk systems, the floating areas must be on one bulk controller. In an all- 
core system, the floating areas are designated core areas. . . 


The call to @UC destroys the contents of the A~ and Q-Registers and Index 
é Register Number Two. 
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* TL ISTRATIVE EXAMPLES : 


1. Request for Device Check Only 


: LDA WORD 
STEPL SPB $UCCOl1 
STEPL ' BRU NODEV 
Normal Return 
TYPER EQL 3 
W@RD QUF 0,0,0,1,0,TYPER,O,0,0 


In the previous example, an availability check is requested for device © 
mumber three. If device three is not available for any reason, the return 
will be to STEP1, the unavailable return, and the calling program branches 
to its corrective routine based upon the indication witnin the A-Register. 
If the device is available, the return is to STEP1+1 and normal processing - 
continues. 


ae Request for Specific Data Area, No Device Check 


LDA WORD 
SPB guCcCOL 


RETURN BRU UNAVIB 
Normal Return 


_ WORD QUF 0,1,0,0,0,0,0,0,DAREAG 


" DAREA6 EQL 6 


In this example, Bit 20 of the QUF word is O indicating that a device check 

is not requested. There is,however, a request for data area number 6. TIE 

area number 6 is available the return will be RETURN+1 with 6 in the A-Register. 
Lf this area is not available the return will be to location RETURN. 


i Request for Any Available Area, No Device Check 


annnsbarpranapuintacsmaconncehoejacrgcamaaeatocs a abaketicng catinathang outs acim paiconopmienigtiase nalagienaned ueciangues aeiatini niga aig ataleheamivneiepaaeneenmnitonitiae 
LDA WORD ; | 
SPB @UCCOL1 

XRTNOL BRU N@AREA 


Normal Return 


WORD - SUF 0,1,1,0,0,0,0,0,0, 


In this example, Bits 22 and 21 of the Q@UF word indicate that the calling | 
function is willing to use any area that is available. If an area is. 
available, the return is to XRTNOI+I1 with the number of the available area 

in the A-Register and the address of the- floating data area in ‘the Q-Register. 
Tf an area is not available, return is to XRTNOL where the responsibility is 


Ze returned to the calling function. 
4, Check Device Number 6, Check Data Area Number 3 . 
LDA W@RD 


SPB uUCCOL 
Unavailable Return 
Normal Return 


WORD - CUE 0,1,0,1,0,6,0,0,3 
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1.12 


age 


Lf successful on search for both, the return will be to pt2. In this case 
the data area. is reserved. However, even though, the stacking table is not 
full at this time, it may be full by the time the QURCO1l request is made. 


-GUR41C/B - OUTPUT REQUEST SUBROUTINE 


The QUR call provides automatic peripheral substitution if the requested 
peripheral is bad or out-of-service. QUR also checks the availability of 
the stacking table for the peripheral or its selected substitute. If the 
stacking table for the requested peripheral or its alternate is full, a 
delay is initiated which lasts until the table can contain this request. 
Neither of these actions, automatic peripheral substitution or stacking 
table full delay, requires special coding or further action on the part 
of the calling function. 


Tf an alternate device cannot be found, an alternate unavailable indica- 
tion (77777777g) is placed in the A-Register and return is made to the 
calling function. Since this return is the same as a normal return the 
calling function must immediately test for a minus one condition. 


If the peripheral or its alternate is available and the stacking table 
can contain the request, @UR stacks the request, sets the appropriate 


bit in ALERT, the request-for-peripheral flag, indicating that a request 


does exist for this device, and turns the Output Program "ON". 


The contents of A, Q and K2 are destroyed by this routine. 


- Calling Sequence 


p SPB §URCOL 
ptlL © DK LABEL(,X) 
pr2 Return 


Where: LABEL(,X) is an address and can be absolute in the first 
16K of core, + 8K relative to the LDK instruction. An — 
index can contain the starting location of an FMR area, 
and LABEL is the increment from the beginning of the area. 
"X" can be Registers 3-7. The format of the Label Table is: 


IABEL UF PRINT,C@NTRGL,AREANG, DELAY” , FUNC, DVEND, SUIMAD ,BULKD! ,BULKF1 
DEL A JF ORMAT 
CGN G, DAREA (or BSS 1, if data area is not used) 
DEL A, DATA | 
Where: 
DAREA, is the number of the data area being used (0 <n < 23). 
DATA, is the address of the first word in the data area. 


O for data words in core (Address can be relative or absolute). 
1.for data words on bulk (Address must.be absolute). 


FORMAT, is the address of the first format word. 


A, ifA 

oe 3 if aA 

‘PRINT, is Bit 23 of the OUF word. If Bit 23 is set, page line count 

: - * eontrol is desired. If Bit 23 is reset, control is not desired. 
This bit applies to printing and typing devices only. 


uou 


1, format words are on bulk (Address must be absolute). 


iohese parameters are utilized in bulk-core systems only. 
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0, format words are in core (Address can be relative or absolute 


* 


CONTRL, is Bit 22 of the QUF word. It indicates whether ASCII/CPC or 
EIA-RS244 code is desired. If Bit 22 is set EITA-RS244 output 
conversion is desired. If Bit 22 is reset, ASCII/CPC code is 
desired, ~ 


AREANG, is Bit 21 and indicates whether data areas are used in output . 
request. If Bit 21 is set, the data areas are used. Ti Sit =. 
21 is reset, data areas are not used. 


DELAY, is Bit 20 and indicates delay seetues if Bit 20 is set, delay - 
; is opposite of present availability status; if Bit:20 is reset, 
area availability status is not changed. 


FUNC , is Bit 19 of the $UF word. If Bit 19 is set, output is to be ~ 
punched, If Bit 19 is reset, a printed output is desired. This 
bit is necessary when either the normal or alternate device is 
an ASR teletype. 


DVENG, Bits 14 to 18 are the device priority number. 


QUTMED , is Bit 13 and when set indicates this message is to be output - 
in binary. Binary output is allowed on card punches and 
devices with a paper tape punching function only. If the pre is 
reset the message is output as symbolic characters. 


BULED, Bits 5 to 9 are the bulk controller index to the data words. 
BULKF , Bits 0 to 4 are the bulk controller index to the format words. 


De A and Q Established by @UR Call 


LDA W@RD 
SPB UCCOL 
BRU . UNAVL. 


Normal Return 


SPB @URCOL 

LDK LABEL 

TNM 

BTR N@ALTS 
WORD _ QUF 0,1,1,0,0,PRNTR,O,0,0 
LABEL QUF 0,0,1,0,0,PRNTR,O,0,0 

DEL 0,F@RM1 

CON G,DAREA 

DEL O,DATA 


PRNTR EQL 3 


The data area number, as well as the data address LABEL + 2 and LABEL + 3, 
must be stored after making the @UC call. The DEL word in the Label Table 
specifies a core address for FORM1, the location of the format table. The 
request is for device number three,(PRINTER). The return from gUR is to 

the TNM instruction. This instruction tests the contents of the A-Register 
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* upon return. If A-Register is minus one (all one's) the peripheral or 
its substitute is not available at this time. .If this fact is not important, 
the test need not be made. This example is for-a line printer utilizing _ 
page control and printing in ASCII (American Standard Code for Information 
Interchange) .— - | 


2% No Data Area Used 
SPB QURCOI | 
LDK IABEL 
TNM 
BIR N@GALTS 
+ : - 3 
LABEL GUF 0,0,0,0,1,PUNCH,1,0,0 
DEL O,FQ@RM1 
BSS 1 
DEL 0O,DATA 


This example is for a binary record on a card punch with no data areas, © 
The teletype punch is an alternate so the fifth field is a one bit. 


3. Fixed Area Message 


LDA WORD 
SPB UCCOL1 
BRU UNAVL 
Normal Return 


SPB QURCOL | 
: iDK LABEL eB 6 , 
: TNM 
BIR N@ALTS 
WORD gUF 0,1,0,0,0,3,0,0,17 
LABEL  @UF_-0,1,1,0,1,3,0,0,0 
DEL 0,MESS1 
CON 0,17 
DEL 0,DATA 


This example is similar to Example 1 of Section 1.11 except that LABEL+2 
and LABEI+3 need not be updated. The data area and data address in this 
example are - fixed. Since the fifth parameter of the QUF word is a l, - 
this device has a punching function. - Output will be EIA. 
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1.13 @UP41C/B - OUTPUT PROGRAM 


Monitor outputs information by using a group- of related routines and sub- 
routines within. the Output Program.. The Output Program is turned on 
after receiving an output request from the Output Request Subroutine, 


The stored format word is decoded into separate fields. Format words which 
are stored on drum or disc are transferred to a 64-word core buffer for 
processing. Data which is.stored on drum or disc is placed in a (64) 
word core buffer. Both buffers are within the Output Program's temporary 
storage (save) area. 


There are two of these (128) word data-format areas, allowing data and 
format words for two devices to be saved. The Alehest priority device 
outputting uses one (128) word buffer. The other buffer is shared by 
the remaining devices which have messages to be output, The data-format 
word buffer is not released until the devices output buffer has been 
either filled or end-of-message is reached. 


The proper conversion routine, as indicated in Bits 23-21, is then 
entered. 

The following routines operate Sec ueevery under control of the Output 
Program: 


*BTD - Binary to Decimal Conversion Subroutine for the 
following output formats: 


a) DFP - Decimal Floating Point 
b) DFE - E-Type Floating Point 
c) DFX - Decimal Fixed Point — 

*G@CT - Binary to Octal Conversion 

BCD - Eight-bit BCD Conversion 

*BCN - Binary Character 

*CLK - Print Clock Time 

*FBB - Four-Bit BCD Conversion 


The following subroutines are also contained within the Output Program 
to assist in placing the converted information in the Driver Table, 


printing error messages, etc. They are: 


UPD - Update Index Pointer to Data Word 
SCD - Store Character Executive 


Subroutines: within SCD: 


STR - Store Character Subroutine 
*PCC.’.~ Page Control Subroutine 


*Indicates Optional Subroutine 
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Error Typeouts indicate the following: 


Incorrect format and data words are indicated by printing an-F* (for 
format), ancL* (for large), or D* (for data) instead of the desired 

information, Unnormalized floating point numbers are an example of 

an incorrect data word. “ 


Numeric values which cannot be displayed are indicated by. printing or. 
punching an L* for numbers which are too Perec Numbers which are too 
small are printed as zero. , 


The End of Message word is all bits set (77777777,). 


Every table of format words must contain an End of Message word which is 
generated by: 


CON $,77777777 


The repeat factor is used when more than one data word is associated 
with a format word, For example, if four data words use the same - 
format, three is placed in this field, If only one data word is used, 
the repeat factor should be zero. Eu . 


The multiplying factor positions the decimal point for typing in logs. 


: bg | LOG HEADINGS 


Pressure of | Temperature of 
Example: Boiler "A" Steel Furnace | 


+2 


“10° «(ipes. | Rio”. “deaveea 


Multiplying Factor 
To Be Used: 

in Format Word 
Colum 1, <3 

Column 2, +2. 


Color control can only be achieved : by sda one of the foltowing three 
format words: 


A: BCD 
B: CLK 
C: FBB 


This would mean that if within a message the programmer wants to change 
color control, a format word may need to be inserted for that purpose 
“ only. 
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If a minus sign is requested, it will be printed if the value is negative. 
Hence,iif no sign is requested and the value is negative, the absolute 
value will be typed. Plus signs are never typed, 


There is double word output capability in BID, The maximum number of ~ 
characters that can be output is 31. (Total width of field, preceding 
spaces plus characters.) The maximum number of characters for DFP and 
DFE will be 15. The maximum number of whole numbers that can be indicated 
in DFX is 9. This limit is caused by the binary scale factor limit of 31. 


BCN, binary output can only be output to a punching device. 


1.14 OUTPUT DRIVER (@UD41C/B) 


$UD41C/B is entered from the channel-ready interrupt. All registers are 
saved for the interrupted program in the register SEOESER area for each 
device, reserved for drivers, 


Lf this is the channel~ready interrupt and the end-of-message flag, EOMFG, 
is set, then an actual end-of-message exists. Under these conditions, the 
EOMFG and PROCFG flags are reset and, if a data area was used for this 
message, it is set available. 


cas al 


If EOMFG is not set, the interrupted system is returned to following the 
restoration of the registers and resetting of MESSI, the buffer avail- 
ability flag. 


For I/0 devices, a channel-busy check is made on the channel-ready interrupt. 
If busy, this indicates that an operator has initiated a request using the | 
operator demand function of that device. If there is a functional program 
associated with this I/O device and that program is currently off, the 
driver turns on the program with an information word in the A-Register on 
subsequent entry. In addition, a flag is set indicating that the demand 
function has occurred, This information.word specifies the device 

priority number of the input device and whether the device is a keyboard, 
paper rane reader, or card reader, 


pera Entries 


Data Ready Interrupt - TM “Output Buffer Address ." 
Channel Ready Taternuee ~ PUDELL 


Where ii is the system's output interrupt index number, 
NOTE: The 4020 buffer may contain output packed in several modes, hence, 


several Channel-ready interrupts will be generated and several 
TOM words used. 


he 


The format words shown in the following conversion routines include an 
example of the Monitor Pseudo-operation. These pseudo~op instructions. 
can only be used when assembling with GE/PAC Monitor or the GE/PAC Moni- 


tor EQL tape. 


1.14.1 BINARY TO DECIMAL CONVERSION (BTD41C/B) 


BTD41C/B converts binary floating point numbers or binary fixed-point | 
numbers to decimal fixed point characters and stores them in the driver 
table of the selected device, | , 


A. FLOATING POINT TO FIXED POINT DECIMAL 


23,22 ,21;20 16,15 12,11,10 © 7,6 3-234. 


Total width Repeat Multiplying 
DFP of field Factor | Factor N 


A 
0 = Divide by 10" N | 0 = No decimal point 
: 1 = Multiply by 10 printed... 
ae ; - J 1 = Print decimal 
, ; point 
0 = No sign 
printed — 


1 = Print minus si 


0 = Single word 
Double word 


- 
li 


25m 


Pseudo-op Example: DFP 8, 35. , 0s 1 ae | 


23 22 21 20 


FORMAT 
WORD \ / 
TOTAL WIDTH REPEAT | Ns He, NUMBER 
OF FIELD FACTOR MULTIPLYING OF 
FACTOR FRACTIONAL 
(MAGNITUDE) DIGITS 
| 0 = DIV a 1L = 
re = IDE BY 10 = : 
N=1 PRINT DECIMAL 
* POINT | 
SIGN CONTROL 
1 = PRINT 
MINUS SIGN 
0 = SINGLE WORD 
This pseudo-operation specifies output of four vaiues with 
a multiplying factor of 10-1 and two fractional digits in an 
8-column field. It prints the decimal point and minus sign. 
sa3 22 17 16 ren 9. 
DATA Lif 1} of of of 1] 1) 1f ofofil of of of of o| ol 0 | 
WORD 
_ (BINARY EXPONENT , - FRACTION 
FLOATING ®% 4 
POINT) 440 


SIGN . Three Blank Spaces for 
Eight-Column Field 


This is the first of the 
four values that are 
typed. 
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B. FLOATING POINT TO FLOATING POINT DECIMAL 


| Total Width | Repeat 


of Field Factor 
0 = No decimal point i 
printed 
1 = Print decimal 
point 
No sign printed 


oO 
uous 


1 Print minus sign 
0 = single word 
1 = double word 
Pseudo-op Example: DFE 13, 0, is ae | y L ' 
FORMAT 22 12 11 10 ee ee eee 
WORD . Rien ee 1 fol L LoLoToL oy of oor | 5 eal Q | iol i] 1] 0 
iN 
TOTAL WIDTH a NUMBER OF NUMBER OF | /\ 
OF FIELD FACTOR WHOLE FRACTIONAL | 
. ° ; NUMBERS DIGITS 
: : TO PRECEDE - PRINT | | 
= THE DECIMAL DECIMAL) | 
POINT POINT 
F PRINT 
MINUS SIGN 


0 = SINGLE WORD 


23 22 ____ 17 16 

DATA “TL ilorerot a let eTer 0 SLera 0} 0 To] O 
WORD SEEN oammemmeentl 

(ELOATING ‘| EXPONENT NORMALIZED FRACTION 

POINT 

BINARY) (+40) . 

~100 .0000E-02 
SIGN 


272 


Cc. BINARY TO FIXED POINT DECIMAL 


23 22 21 20 16 15 12 i eae 2 eee: Ge ae 


TOTAL WIDTH | REPEAT BINARY SOE NUMBER OF | | 
* DFX OF FIELD FACTOR FACTOR FRACTIONAL | - 
DIGITS | 
/\ 
GC = No decimal point 
printed 
, 7 1 = Print Decimal point 
0 = No sign printed 
1 = Print minus sign 
ie 0 = single word 
1 = double word 
Pseudo-op Example: 
DFX 10 0. <5 5 , Se eae ae 


2 
21 20 | 2 OLD hi i] 


| 6 i ee ae: oe 
FORMAT PoraLo filoaiiloioio 01010 Oolfi1loljiiololililol 
WORD oe Lo 
TOTAL WIDTH REPEAT BINARY NUMBER OF | SINCLE 
: OF FIELD FACTOR . SCALE - FRACTIONS ” WORD 
FACTOR 

MINUS 
SIGN 
DECIMAL 


POINT | 


One value, scaled B5, is typed in a ten<column field. . The 
values are printed with decimal point and four fractional 
digits. The sign is printed if the value is negative. 


& BINARY 
_ SCALE FACTOR 


25.1328 


Three spaces 
precede the value to 
make a ten-column field, 
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1.14.2 BINARY TO OCTAL CONVERSION (OCT41C/B 


@CT41C/B converts binary integers to octal integers. 


: »3 22 21 
PCT O} 1} 1} Total width Number of {0 
| of Field | ‘Octal 

Pseudo~op Example: -@CT 7, 1, ee 

23: 21 20 Hens 12 11 7~~6 3.2 1 0 
Format 0 t EO oO 1 110 00 i100 0 0 0 0 1 1 0} 0 0 0 
Word Noauareens oe eee Nee oe 

TOTAL WIDTH REPEAT NUMBER 
OF FIELD FACTOR OF 


CHARACTERS 


Six low order octal digits are typed in a seven-column field, 
The next data word would Pe processed in the same manner. 
ARepee « Factor 1). 


Data 
Word 
(Binary Integer) 


‘First | O00 110.1 Oo ft 2 i 0 ot 0 1 1 2 61 1g 


234567 


Space 


1.14.3 BINARY TQ EIGHT-BIT BCD CONVERSION (BCD41C/B) 


BCD41C/B converts binary information. to eight-bit BCD characters, 


12 11 


BCD - Number of Format 
Characters | Leading Control 
, Spaces (See Page 30) | | 


O=3 Per Word Packing 
l=1 Per Word Packing 


COLOR CONTROL 
0=8 Lack 
1=Red 


cHaracTer Mope__/ /\ 


el ae 


, 


FORMAT CONTROL 


Line and Control Codes, Printer 


Code _ Action 

No Action 

Print one line with data in printer output buffer. 
Single line advance, 

Print one line with data in printer output buffer. 
Double line advance. 
Print-line slew to channel 1 - normally top of form 
Print-line slew to channel 2 
Print-line slew to channel 3 
Print~line slew toe channel 4 
Print-line slew to channel 5 
Print-line slew to channel 6 
Print~line slew to channel 7 
Print-line slew to channel 8 : 
Use first character of Data String for Control 
(Fortran usage) 


* The following action is taken when control is in the first format word. 


An OL has no effect, that is, no action will be taken. 
An 02 causes one blank line to be printed. 
An 10-17 causes a slew to the specified channel. 


Card Control Characters - Card Punch 


00 No action 

01x Punch one card with data in the card output buffer. . 

02% Punch one card with data in the card output buffer. Punch one 
blank card, 

20 Use first character of Data setae ez Control eee usage) 


* The following action is taken when control is in first format word. 
An Ol has no effect, that is, no action is taken. 


An 02 causes one bleak card to be ponched, 
An 10-17 is ignored. 
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| | Leading Carriage Returns - Other Devices : 


No action 

One inserted carriage return 

Two inserted carriage returns 

Advance to top of form 

Use first character of Data SERLAg for Control ere Usage) 


i* The following action is taken when eoieeet is in the first format word. 


An 01 has no effect, that is no action will be taken. 
An 02 causes one carriage return to be executed. 

The necessary line feeds are inserted for teletypes. 
‘A 10 causes an effective "advance to top of form" 
through carriage returns, 

A 11-17 is ignored. 


Pseudo-op Example: BCD 10 a - 35 1; Oo. L- 
23-21 «20 12 11 7 -% 1 0 
Format 100i000001i10i1o00001ii0 000 . —— 
Word : 
; NUMBER OF NUMBER OF FORMAT COLOR 
CHARACTERS LEADING © CONTROL (RED) 
. SPACES 3 CHARACTERS PER - 


WORD PACKING 


CON A, 10 VALVE OPEN (pseudo~op generating data words) 


. 23 22 21 20 19 18 17 16/15 14-13 12 11 10 9 817-6 5 4 3-2 1 0 
parA =s | OT Af of 2f Oo} 2 il of ofitololofololil ofifolosi fii ofa. 
WORDS Petrol ora riser orto rerator ort fore a10l0l0. 

FOL tf of OF 1) if ai it oliiotlisolololol of 1iolototil oto 
pal OF OP A) Te tp OL OA EET eT OPP el by ts 
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ALPHANUMERIC 
TYPEOUT IN RED 


CARRIAGE RETURN 


Pn 
3 LEADING SPACES wee OPEN 


1.14.4 BINARY CHARACTER OUTPUT (BCN41C/B) 


BCN41C/B places binary -information directly into the dirver table for the 
selected punching device. 


25° 22, 2.4, 20 12 12 


) 
pen [il 0] 1| Number of words ; olololo}olojoj{o| ofo!lolo} 


Pseudo~op Example: 


BCN 3 
23_22 21 20 19 18 17 1615 1413121110 9 8 7.65 4 3 210 
Fol Ci ololo{ ott] 110] oj 0; 010; 0 101040; 0] 0{0 
S 9599 91 90.19.18 17 1615. 14.43.12 11 10.9. 8. 7.655. SO 
DATA O} 101) 07-0) 01 OD 11a £1 OFT 1070} OFT E0101 010 
WORDS 1 O} 1{ Oo} 0] LiGOl i) OO; LTIOLTO; TiO Li ri ~ofol1Tioj,ilf 1 io 
Hi] O| OF it; OF 2} Ol O1 Lio iLiiiolrtiojofolijolilojo li 


If output is to a card punch the first six columns are punched with odd 
* columns using data Bits 23-12 and even columns using Bits 00-11, 
{ : 5 


1.14.5 CLOCK OUTPUT (CLK41C/B) 


CLK41C/B converts the time of day from system time counts to decimal hours, 
minutes, and seconds, It is then printed as four or six decimal digits. 


23 22 21.20 19. 


18 17 16 15 14 43 12 11 76 2 1 


CLK 


Requested Ges ‘ 
= 0, message time, i 


(Line and Card 


ao (no data word) ~~ ' €ontrol) - 
= L, event time a . Color Control 
(data word) . 0 = Black 
= : Ll = Red 
0 = HR/MIN Printout (XXXX) 
1 


= HR/MIN/SEC Printout (XXXKXX) 
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FORMAT CONTROL . 


Line and Control Codes Printer . Se iy 


Actions 


No action : 
Print one line with data in printer output buffer-single line 
advance, - 
Print one line with data in printer output buffer-double line 
advance, 
Print line slew to channel 1 
Print line slew to channel 2 
Print line slew to channel 3 
Print line slew to channel 4 
5 
6 
7 


- normally top of form 


Print line slew to channel 

Print line slew to channel 

Print line slew to channel 
Print line slew to channel 8 


Action taken when control is in the first format word: 

An 01 will have no effect, that is no action will be taken, 
An 02 will cause one blank line to printed first. 

An 10-17 will cause a slew to the specified channel. 


Card Control Characters <« Card Punch 
i Code Action 


No action ‘ 

Punch one card with data in the card output buffer - 
j Punch one card with data in the card output buffer 
Punch one blank card. 


* Action taken when control is in the first format word. 
An O01 will have no effect, that is, no action will be taken, 
An 02 will cause one blank card to be punched. . 
An 10-17 will be ignored. 


g Carriage Returns ~- Other Devices 
| Code : Action 


No action 
One inserted carriage returns** 


Two inserted carriage returns** 
Advance to top of page 


* Action taken when control is in the first format word. 
An 01 will have no effect, that is no action will be taken.’ 
An 02 will cause one carriage return** to be executed, 
An 10 will cause an effective advance to top of page through | 
carriage returns**, 

**k The necessary line feeds will be inserted for BE TELPESS 


: Goes 11-17 will be ABPORSS 


Pi, Fe 


Psuedo~-op Example: 


CLK ee ee 
93 yay age a 20 es 18 17 ene 11 --—~7 a2 
Halos ole tile 2 9000 upon | 


Message Time (no data word) 


nee Control 


° 
Hou 


1 = Event Time (data word) of = Black 
Leading ; = Red 

0 = Hr/Min Printout (XXXX) Spaces 

1 = Hr/Min/Sec Printout (XXXXXX) oe 
. Control 


The above example types or punches time in hours and minutes preceded oy 
a carriage return and three spaces using black ribbon. 


1/4 SEC, COUNTS 
v 


* Data Word (TIME) 000000100100000010010000 
v 


Time 


black typeout 
hours & minutes only 
ae 


1.14.6 BINARY TO FOUR-BIT BCD (FBB4IC/B) 


FBB41C/B converts binary data, left- aoe to six 4-bit 
BCD characters per word. 


bs 22 lo1 20 16415 
* ° FBB Total width nae pa a 
1} 1] 1] of field Factor —_— 
Following Dash ee nme) 
= 0, No dash 
= 1, Print dash 
Color Control 


2 O, Print black 
> iL, Print red 
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23 22 21 20. 16 15 56S ee 76 32 ed OO 
EOS Our. 
FORMAT TOTAL ‘REPEAT NUMBER OF COLOR 
WORD WIDTH FACTOR _ CHARACTERS . CONTROL 
‘ OF ee O = BLACK; 
FIELD 1 = RED 


FOLLOWING DASH CONTROL 
1 = PRINT DASH 


One value, consisting of 6 characters, is typed in black. 
23 22 21 20 19 18 17 16 15 1413121110 9 8 7 6 5 4 3 2 1 QO 
DATA Pom tome ol lorie olor o [ito {1 0 [0 1 


Black printout 


4 blank spaces = ten column field 


Note: If the repeat factor is used, each data word 
must have the same number of characters. 


AOS 3 


1.15 INR41C/B - INPUT REQUEST SUBROUTINE 


INR accepts input requests from the paper tape reader, card reader, I/0. 
_typer, or teletypes. Input from more than one peripheral may be requested. 
However, each device is. limited to one request at any time. Every request 
must be tested for completion by using the INRCO2 call. be 


If an INRCOl request is made when the device is available, the read is 
initiated and the calling program is entered immediately at the "avail-. 
able return" location. At this time the calling program may perform any 
processing desired. : 


At any time following the input request, the calling function must request 
a test for completion by using the INRCO2 call. Upon making a completion 
request, the functional program is locked out nabs the read is completed 
or until a failure is discovered. 


Upon entering INR, the availability of the device requested in the INF 
word is tested for whether it has failed, is out-of-service or is currently. 
being used. If any of these conditions exist, INR returns to the unavail- 
able return with the reason for unavailability in the A-Register, 


If the device is available, the input request is stored, the device is 
activated, and the exit is to the normal return. 


The symbolic address INPTBL, in the DEL word, points to the 1 list control 
word. Input characters are stored starting at this address plus one and 
“continue for n number of words. 


' When specifying NRCHAR, the number of characters to be read, the system 
programmer must make allowances for all characters. In the case of the 
paper tape reader, this table must allow for the media- disable code ETX. 
Tf the device is a keyboard, this list must allow for any operational 
errors, carriage returns and correction characters. 


e Calling Sequence 
Request 
Pp SPB INRCOL 
prl LDK LABEL(,X) 
pr2 Unavailable Return 
pt+3 Normal Return 


Where: The operand LABEL(,X) is the same as for smUR COTS The format 
ort the Label Table is: 


LABEL INF C@DE,PCKMOD,FUNC ,DVPNG,NCHAR 
DEL 0,INPTBL 


- Test for Completion 


p-1 LDK DVPNG 
P SPB INRCO2 
p+ error Tecturi 
Dt? read complete 


NOTE: The requesting program must have full 8-word register storage. 
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Where: 


% 


INPTBL 


FUNC - 
ki 


- PCKM@D - 


DVPNG - 


NCHAR - 


7 


INPIBL is the label assigned to the input data list. INPTBL must 
be a core address (relative or absolute) and is the address of the 
second word of the input area. The first word is the number of | 
characters read, which is inserted by Monitor. 


BSS 1 CHARACTERS READ 
BSS 1 LIST CONTROL WORD 


BSS N 


N = Number of Words for Input Data. 


is Bit 22 of the INF word and indicates the input mode. If Bit 22 
is set, the input mode is binary and if Bit 22 is reset, the input 
mode is symbolic. 


is Bit 19 of the INF word and indicates whether this device has a |. 
keyboard or non-keyboard function. 0 keyboard input function and 
1 non-keyboard input. 


is Bit 20 of the INF word and indicates the desired packing mode. 
Packing is a function of the device. If Bit 20 is reset, the 
packing mode is one per word. If Bit 20 is set, packing occurs. 


Packing Mode 


DEVICE :. : 

Symbolic | 
Input 
Paper Tape 

Cards 

Keyboard 


is the input device priority number (Bits 14 to 18) 


is the maximum number of characters allowed for this read (number 
of BSS words reserved in memory, BSS.N-of previous.example). See 
Input Buffer Size under General Information. (Bits 0-13). 


INPUT BUFFER SIZE 


A. Binary Input 


L. Card - Record Size, 40 or 80 words - Input Data plus two words for 
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character total and list control word. (Number of words 
depends on packing mode.) When entered in 40 words, itis 
unpacked to 80 words if single-word packing is desired. - 


-37- 


* 2. Paper Tape ~ Number of characters divided by four, plus three words 
, (ETX and the two above). 


* B. Symbolic Input 


Lg _ Card - 80 words” Input Data plus two words, for character total and 
list control word. (One character per word packing). 


40 words Input Data plus two words for character total and 
list control word. (Three character per word packing). 


2. Paper Tape - Record Size plus three words (ETX, device address and 
list control word). (Record Size = Number of characters or 
Number of characters divided by 3 plus one if remainder, 
depending on packing mode.) 


3.- Keyboard - Number of characters (including carriage return) plus 
two words plus an allowance for error characters, (divided 
by three, if three characters per word packing is desired). 


PROGRAM COMMUNICATION 


INR41C/B returns to the "unavailable return" of the calling sequence with 
the reason unavailable in the A-Register. (Refer to Table 1.) 


Contents of 
A-Register Reason 


‘Device busy 


Device failed 
Device out-of-service 
Alarm line 3 (Media problem) 


Table 1. Unavailable Indications 


The INRCO2 call, test for completion, returns to the normal return when the 
read is Soimlate or the error return if the read was in error. The error 
indication is in the A-Register of the calling program. Table 2 describes 
these error conditions. These errors are cetected by the Input Driver and 


alarmed by the Input Program. The actual corrective action is the respon- - 
sibility of the system programmer. 


Upon returning under normal conditions or if a data error occurs, the A-~ 
Register of the calling program contains the number of words accepted. 
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Contents of _ 
A-Register Cause ‘Possible Action 


_ Keyboard Input Message Time Aborted -| Reinitiate request 

input Buffer Overflow -Reinitiate request 
Alarm line 4 (Data error) Have record repositioned, 
then reinitiate request 
Terminate until repairs 
are made 

‘Delay and reinitiate 
request 


Alarm line 2 (Mechanical or 
electrical failures 
Alarm line 1 (Operator intervention) 


NOTE: There will be no conversion or filtering on error returns except for 
alarm line 4. (Data error) ; . | 


Table 2. Error Indications 
Examples: 


* 1, Request for input using a card reader: 


Pp SPB INRCOL 
ptl LDK LABEL 
p+2 BRU RDERR 
p+3 Normal Return 
‘ LABEL INF 0,1,1,READER,80 
: DEL 0, INBUF 
.READER EQL 3 : 
| BSS 1 
INBUF BSS 1 , 
BSS 40 


In this calling sequence, the request is for input of 80 characters! 
Which are to be packed. Packing is three per word, left justified. 

The right-most position of the 27th word is zero-filled. RDERRI is the 
address of a system-defined error routine... If the requested device was 
unavailable, the return to the calling program is to the branch to RDERR1. 
At RDERR1 the system program must pérform some appropriate corrective ._ 
action, depending upon the nature of the error. The reason for ‘error is 
contained in the A-Register of the requesting program (see Table 1). 


tis the request has specified any number of characters other than. 80 


(such as 27, 40, or 160) the actual number of characters accepted is 
80 characters (one full card). 
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. Test for completion: 


At any time following the input request, the calling function must make | 
a test for completion using the INRCO2 call. 


- LDR READER 
SPB  INRCO2 
BRU RDERR2 


After a successful read complete, the requesting program can expect to 
find 27 words of data starting at location INBUF+1. 


If the read had been in error the requesting program branches to RDERR2 
for analysis and corrective action depending upon the nature of the error. 
The actual error can be determined by examining the bits in the A- ~Register 
upon return to the requesting program (refer to Table 2). 


Request for input using a card reader: 


D SPB INRCO1 
_ pti LDK LABEL 
pt2 BRU RDERRI 
pr3 Normal Return 


e 
> 
@e 


LABEL INF 1,1,1,READER,380 
DEL 0, INBUF 


This request is the same as example number cne except the input is 
binary. This effects the packing mode, causing packing to be two 


‘ characters per word. The results are located from INBUF+1 to. INBUF+40. 
‘The test for completion is the same, 


Request for input using a°*keyboard:. 


P SPB INRCOL 
pti LDK LABEL 
pr2 BRU KEYR1 
p+3 Normal Return 
TABEL INF 0,1,0,KEYBD,30 
DEL 0,KEYIN a . 
KEYSD EQL 4 Where "n"' is the number of characters 
BSS 1 that might be typed incorrectly plus the 
KEYIN BSS 1 DELETE phasetion (<—). The number of . 
BSS 10tn characters should include a carriage return. 


This request for device number four indicates that thirty characters 
are to be inputted through the keyboard into’ buffer KEYIN, Packing is © 
three characters per word. However, the size of the buffer_is 10 

words +n. The buffer must be able to accommodate the entire record 
plus any operational errors and correction characters that may be 
entered. All characters are accepted and placed in the buffer, three 
per word, If more than 30 characters are entered,these additional 
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‘ characters are ignored. After the read is completed, the input 
program edits and packs the data in the desired mode. The number | 
of characters read is the BSS word at KEYIN-1. The number of words 
packed is in the A-Register of the calling program upon return to. 
that program. In this example, the words should be in KEYIN+1 to 
KEYIN+10. Lf less than or more than 30 characters were accepted, ~ 
this is reflected in the "number of words" found in. the A-Register 
upon return to-the requesting program. A test fer completion must 
follow the input request. : 


e LDK KEYBD 
SPB INRCO2 
BRU KEYER2 
* 4. Request for input, keyboard: 
SPB INRCOL1 
LDK LABEL 
BRU KEYERL 


Normal Return 


LABEL INF 0,0,0,KEYBD,30 
DEL 0, KEYIN 


Normal Retura 


‘This request is the same as the previous request except that packing 
is not desired. The characters, therefore, are stored one per word 
starting at KEYIN+1. a s 


NOTE: An INF word of INF 1,x,x,x,x ties input) constitutes an 
illegal request for a keyboard. The result of such a request 
depends upon the packing mode. The input program assumes that 
the characters are symbolic and edits and packs them accordingly. 


cs _ 5. Request for input, paper tape reader: 


“SPB INRCOL 
. .LDK LABEL 
_- BRU PTERR1 


Normal Return 


LABEL INF 1,1,1,PAPERD,60 
DEL 0,PTRBUF 


PAPERD EQL 5 

BSS 1 

PTRBUF BSS 1 
: BSS 16 
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This request is for 60 binary characters. Packing has been requested 
and is four characters per word. In fact, binary input from paper tape 
is always packed four characters per word whether it is specified or 
not. The 7th bit of the input character is deleted when packed. 


Test for completion: 


LDK PAPERD 
SPB INRCOZ2 
BRU PTERR2 
* 6. Request for input, paper tape reader: 
| SPB INRCOL 
LDK LABEL 
BRU PYERR1L 


Normal Return 


id 
e 
e 


LABEL INF 0,1,1,PAPERD,60 

DEL 0, PITRBUF 
This request is the same as the previous request except that input is» 
symbolic. Symbolic input is always packed three per word. 


Test for completion: 


IDK PAPERD 
SPB INRCOZ 
BRU PTERR2 


21.16 INPUT DRIVER CIND41C/B 


The Input Driver non-inhibitable data-ready interrupt will be a TIM 
instruction. 


GE/PAC 4020 


Data Ready Interrupt - TIM "Input Buffer Address" 
eo ' Channel Ready Interrupt - SPB INDEii 


ii = system's input interrupt index Leibes 


Upon receipt of the channel-ready interrupt, the Input Program is turned 
on. If this device is I/O in nature, its output function is tested to 
datermine if there is something in the buffer to output. If it is, an 
enable command is issued for the output channel and the diagnostic count 
for that device is set. 


For input devices, a channel busy check is made on the channel-ready 
interrupt. If busy, this indicates that an operator has initiated a 
request using the operator demand function of that device. If there. is 
a functional program associated with this’ I/O device and that program is 
currently off, the driver turns on the. program. with an information word 
‘in the A-Register on subsequent entry. In additon, a. flag is set in- 

- dicating that the demand function has occurred. This information word 
specifies the device priority number of the input device and whether the 
device is a keyboard, paper tape reader or card reader. 


. 
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INPUT PROGRAM (INP41C/B) 


The input program is turned ON by the Input Driver upon receipt of the 
channel ready interrupt. 


Upon entry, the Input Program INP searches for requested input devices 
in priority number. When a device with "read complete" is found, its’ 
read status is checked to determine if input occurred error~free. 


Lf an error was found while reading, the reason for the error is placed 
in the A-Register of the calling program and this program is turned ON 
if a test for completion had been initiated. 


Lf the read was error-free or has only a data error, the INF word for this 
request is decoded and a check is made to determine the type of conversion 
needed. If the device is a card reader, the characters can be stored as 
read or converted from Hollerith to ASCII. If the device is an IBM 
Selectric, the CPC code is converted to ASCII. Ail illegal characters are 
converted to a special error character, 


‘LTE input is through a keyboard, the data is ‘filtered and then packed as 


requested. 


The total number of words, after packing, are in the A- pee easter of the 
calling program which is turned on at this time. 


The Input Program returns to either the error return or read complete 
return of the "test for completion” oot. of the EEGnene ae progtes The 
test for completion calling sequence is 


ade LDK DVPNG 

p SPB INRCO2 

prl error return 
! p#2 read complete 


Where: DVPN is the device priority number 


If the return is "read complete", the A-Register of the calling program 
contains the total number of words in the buffer. If the return is an 
"error return", the A-Register contains an error indication. If thé error 
was a data error, it will also contain the number of words. These indica- 
tions are summarized below: 


ie 


Possible Action 


Initiate Request 


Reinitiate Request 

Have record repositioned 
initiate request. 
Terminate until repairs 
are made 

Delay and Initiate 
Request 


Contents of se 
- A-Register Cause 

near Torre ree meeeetenemeenelm em ememennetnneaeme ernest nnn ae aaa 
Bit 19 Keyboard Input Message Time Aborted 
Bit 20 Input Buffer Overflow — 
Bit 21 Alarm line 4 (Data error) 
Bit 22 | Alarm line 2 (Mechanical or 

electrical failures) 

Bit 23 Alarm line 1 (Operator intervention) 
NOTE: 


There will be no conversion or filtering on error returns except for 


Alarm line 4, (data error). 


ahh 
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MULTIPLE OUTPUT REQUEST SUBROUTINE LOCAL AND REMOTE (MOR46) | 


The Multiple Output Distributor is used for addressing and controlling 
decimal, binary, or.analog data output groups from the Arithmetic Unit. 
MOR46 supplies the communication link to the Local or Remote driver for. 
obtaining these outputs. 


A group status word is needed if the unaffected bits on an output must 
be set to the same position as the last output for that group. 


The status word table contains one word of data for each group in that 
M@D defined by the programmer as having a current status word. Each 
word contains a group address and the current status of the contacts 
for that group. Group status words may be arranged in any order within 
the table. If bit 7 of the Q-Register equals zero, the index used by 
the calling program is an index to the status table. 


Two words are required to request output of a particular group. 
Example: 


23 22 21 20 19 18 17 16 15 14 13 12 11 10 2 4 = 10 


A-Register [1 1 0 1 1 0 0 0 0 10 0°00 


Lt iito6 00:60 0 0 0 0] 0! 6] 


Status Tables 7 6 
1000 (Oo 0 0 1 0 0 0 0. O01 L O 
1001 0 Lt 0 1.0 0 0 0 O; 0 O 
1002 100 i1ii1 0 1 0 0; 0° 0 
1003 Ld Oe. 0 ol 0 Oj}; 0 0 
1004 io 0 0 1 9 0 0 0 OO} 1 0 
1005 OC.  O  0 0 0 0-0; 0 O 
1006 1 60 1 021 0 0 ds. 
1007 10011 -O 1 0 Q 
1010 Lob 2. a 3 9 1 0 O 


Explanation: 


In the mask word (Q-Register), bit 7 is reset meaning that this group has 

a current status word and bits 0-5 of the A-Register contain an index to 

the status table, which is 06. Since bits 17-23 of. the Q-Register are set, 
the corresponding bits of the A-Register are output as shown. The remaining 
bits (8-16) are output as shown in the group status word for group 22 . 
(index 06), with one exception. 


wie 


alt 


Explanation: contd 


Any bit set in the A-Register 8-16, is or'ed into the status word and 
output. The request and driver programs do not check this and it should 
be considered a system program error, (see bit 14 of A-Register in the 
foregoing example). 


LOCAL REQUEST 


The first word (A-Register) contains a group address or an index 

to the status word table. Bit 7 of the second word (Q-Register), | 
if set, indicates that the first word contains a group address and 
has no status word. If bit 7 is reset, it implies that the.first 
word contains an index to the status word table and there is status 
saved for this group, The second word contains an index to the 
correct multiple output distributor. If a group has a.status..table, 
the status words are initially set by the system programmer. 


REMOTE REQUEST 


Bit 23 of the first word indicates the mode of the request, whether 
normal or repeat. If the repeat mode is selected, the driver sets 

the repeat bit on its output request. The Remote Scanner Controller 
saves and sends the output request back to the driver for verification. 
The driver then resets the repeat bit and sends the output, knowing 

the Remote Scanner Controller will compare this request with the saved. 
command, If they agree, the output is made, otherwise, an error condi- 
tion exists. This first word also states the type of formats used, 
either 8-bit (8 bits of data plus 5 bits for group address) or 10-bit 
(10 bits of data plus 3 bits for group address). ‘The LO-bit format 
words have only one operational delay time. This is four milli- 
seconds, The 8-bit format words have two, 76 or 4 milliseconds, - 

Bits 5-0 of the first word contain a group address if bit 7 of the 
Q-Register is set. Otherwise, they contain an index to the status 

word table if bit 7 is reset. 


In addition, the second word contains an index to the correct multiple 
output distributor. 


NORMAL OUTPUT ~ LOCAL OR REMOTE 


For Local and Remote requests, all bits set in the first word are 

output. For normal requests, the first word contains group output 

in bits 8-23; operational delay time in bit 7, alternate (1) or immediate 
(0) return to calling program in bit 6 and a group number.or status tabla 
index in bits 0-5. 


The second word contains a mask of the bits to be changed in the 
status word bits 8-23, bit 7 indicates whether this group has a 
status word, and bits 0-6 indicate the Multiple Output Distributor 
being used. 


NORMAL OUTPUT - LOCAL OR REMOTE - contd. 


The current status is updated for those groups which have status, There 


_is no updating for groups without status. In either case, the output 


command and program number are stored in the SPPFOPEESHS Priority or 
Non-priority Driver Table. 


TIMED-LATCH OUTPUT - LOCAL ONLY 


~ 


In the case of the timed-latch request, the first word indicates which 
positions of the output group to latch. The second word gives the time 
required between the latch and unlatched commands. © 


When a timed request is made, M@R46 tests the timer availability flag. 
T£ a timer location is free, M@R46 places the timer number and output 

command in the appropriate Priority or Non-priority Driver Table. It 

also saves the program number, time of latching and contact status for 
driver. 


For a request to unlatch a previous request, no information is stored in 
the Driver Table. The unlatch flag is set for the output driver which 


‘aborts the request before the request time espero? Three flags are 


used for Timed Latching Output: 


1. Unlatch Flag Word - set on completion or abort. 
2. Timer Available Flag Word - set when timer in use. 
3. Timer Active Flag Word ~ set when timer is timing. i 


PULSED OUTPUT ~ LOCAL ONLY 


For a pulsed request, the first word states the direction of the pulses. 
The second word contains the number of pulses to be sent out. The output 
command, number of pulses and program number are. “stored by MBR46 in the 
Priority or Non-priority Driver: Table oe pulsed request. 


OUTPUT OPTIONS 


The operation delay time is the time required to transfer a command word 
from the A-Register to the MGI} Command Register and to initiate the trans- 


-fer of the data portion of the command word to the output function specified 


by the matrix address. The time to complete these transfers is either four 
milliseconds, seventy-five milliseconds or forty microseconds, depending 
upon the output function for a local request. For a remote request, the 
transmission time must also be added to get total time. 


There are two. ‘types _ of “returns “which | are. “specified. by. ‘bit. 6 of. the “first word. 
The Immediate Return returns to the normal exit’ of the calling sequence 


after the output demand is stored in the Driver Table. .The other return 
locks out the calling function (which is turned on by the Output Driver) 
until the output is completed. Control is then returned to the normal 
exit of the calling sequence. . 
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SYSTEM COMMUNICATION 
Calling Seauence 
" NORMAL REQUEST - LOCAL: 
p- 2 Place the change word in the A-Register (First Word) 
Bits 23-8 - Data: ) 


= contact to be closed 
contact to be opened or remain unchanged. 


Or 
Nod 


Bit 7 - Operation Delay Time: 


_L = 40 microseconds output or 
75 milliseconds output 
0 = 4 milliseconds output 


Bit 6 - Ready Signal: 


1 = Return when output is comp here 
0 = Immediate Return 
‘ Bits 2 0 ~ Multiple Output Group Number if Bit 7 Change Mask Word 


is set, or 


Bits 5-0 - Index to the Status Word Table if SLC 7 of Change /Mask 
Word is reset. 


p - 1 Place Change Mask Word in the Q-Register, (Second Word). 


Bits 23-8 ~ Data: 
| 
| Bit to be set or  peaet as in A-Register. 

Bit to remain as in status if group has status word. 


Q 
loi 


Bit 7 - Status 


Group has no status word. 
Group has a status word. 


ow 


or 


Bits 4-0 - Index to Multiple Output Distributor 
P SPB MGRCOL Non-Priority Request 
P SPB MARCO? Priority Request 
“PEL ERROR RETURN | 


 -P+2 NORMAL RETURN 
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NORMAL REQUEST - REMOTE 
Pp - 2 Place change word in the A-Register (First Word) 
“Bit 23 - Repeat bit 


= Normal mode 
= Repeat mode 


0 
‘1 
Bit 22 - Unassigned 
Bit 21 - Size of Data Field 


0 
lL 


8-bit format word 
10-bit format word 


tou 


Bit 20 - Operational Delay Time 
For 8-bit format words 


0 
=1 


Bit 20 4 millisecond output 


75 millisecond output 


Wood 


For 10-bit format words 
Bit 20 must be zero for a 4 millisecond output only 
Bit 19-7 - Data and Group Address 
For 8-bit format words’ ’ | 
Bits 19-12 - Data 


Contact to be closed 
Contact to be opened or remain unchanged 


oil 


1 
0 
Bits ll-7 - Group Address 
For 10-bit format words 
Bits 19-10 - Data 


1 = Contact to be closed - 
0 = Contact to be opened or remain ‘unchanged 


Bits 9-7 - Group Address 


ZA0 = 


Bit 6 - Ready Signal 


1.= Return when output is complete 
Q =Immediate Return oe) 


Bits 5-0 - Multiple Output Group Number if Bit 7 of Change Mask 
word is set, or ; 


‘Bits 5-0 - Index to the Status Word Table if Bit 7 of Change Mask 
word is reset. 


P 24 Place Change Mask Word in the Q-Register (Second Word). 
Bits 23-20 ~ Unassigned 
For 8-bit format 
Bits 19-12 - Data 


Bit to be unaffected | 
Bit to be changed 


0 
L 


Bits 11-8 - Unassigned 
For 10-bit format 

Bits 19-10 - Data 
= Bit to be unaffected 
= Bit to be changed 


Bits 9-8 ~ Unassigned 
Bit 7 - Status 


0 
1 


1 
0 


Group has no status word. 
Group has a status word. 


“ou 


Bits 6-0 - Index to Multiple Output Distributor 
P SPB M@RCOl Non-Priority Request 
Ee SPB M@RCO2 Betas Request 
| Prl ERROR RETURN | 


P+2 NORMAL RETURN 


~50- 


er 


TIMED REQUEST - LOCAL ONLY 
P-2 Place the latch command in the A-Register (First Word). 


Bits 23-8 - Data 


lL = Contact to be latched 
; O = Contact to remain unchanged 

Bit 7 - Operator Delay Time 

1 = 40 microseconds output or 
75 milliseconds output 

0 = 4 milliseconds output 

Bit 6 = Ready Signal 
1 = Return when output is completed 
0 = Immediate Return 


Bits 5-0 - Multiple Output Group Number if Bit 7 of Timer Word is 
set, or 


Bits 5-0 - Index to the Status Word Table if Bit 7 of Pulsed Word is 
reset. 


P-1 Place the Timer Word in the Q-Register (Second Word) 
Bits 23-8 - Number of counts for relay to remain latched. 


(1 count = 16 2/3 milliseconds for 60-cycle systems) 


(1 count = 20 milliseconds for 50-cycle systems) 
_ Bit 7 - Status 
1 = Group has no status word 


hou 


OQ = Group has a status word 

Bits 6-0 - Index to the Multiple Output Distributor 

P - SPB M@RCO3 Non-Priority request 

PB SPB M@RCO4 Berit request 

P SPB M@RCOS Siaveh a previous request (Immediate return only) 
P+L ERROR RETURN | 


P+2 NORMAL RETURN 
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PULSED REQUEST 


‘P-2 Place pulse command in the A-Register. 
Bits 23-8 - Data 


1 = Contacts to be closed 
= Contacts to remain open 


Bits 7 - Operation Delay Time 


1 = 40 microseconds output or 
' 75 milliseconds output 
0 = 4 milliseconds output 
Bit 6 - Ready Signal 
1 = Return when output is complete 
0 = Immediate Return 


Bits 5-0 - Multiple Output Group Number if Bit 7 of Pulse Word 
is set, or 


Bits 5-0 - Index to the status word if bit 7 of pulsed word is 
reset. 


P-L Place Pulse Word in Q-Register (Second Word). 


Bits 23-8 - Number of pulses to be sent out. 


Bit 7 = Status 
1 = Group has no status word* 
0 = Group has a status word* 


*NOTE: A pulsed request does not need status, 
P SPB “MGRCO6 Non-Priority Request 
P SPB M@RCO7 ere Request 
P+l ERROR RETURN 


P42 NORMAL RETURN 


522) 
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PROGRAM COMMUNICATION 


M@R46 returns to eae “Error Return'' of the calling sequence when one of the 
following conditions exist: 


A-Register. 


Contents Error Condition 
0 OO Driver Table Full or No Timer Available for Timed Requests. 
1 Requested Group has fagtee oe two previous consecutive overloads. 
Z . Output failed on two consecutive overloads (Alternate Return). 
4 | Invalid Multiple Output Group Address (Status, Index, Max. for 


groups with status) or Multiple Output Distributor Index). 


8 “Multiple Output Distributor Timer Failure, Remote Scanner 
Failure, or Communications Coupler failed. 


16 Invalid Remote Output Requested. 


MULTIPLE, OUTPUT DISTRIBUTOR DRIVER - LOCAL (MDR) 


MDR is initiated by the M@D Interrupt to execute requests made by MOR. To 
output a request, the command word from the driver table is placed in the ~ 


_A-Register. The data is transferred to the location specified by the group 


address of the command word. The Multiple Output Distributor is then ready 


“to accept another request. 


All output commands are initiated from the Priority Driver Table before in forna- 
tion is taken from the Non-Priority Driver Table. 


re timed requests, a timer is activated, When the requested time has expired, 
MDR executes the unlatch command, 


For pulsed requests, a putsed timer is started. When it expires, the contacts 
are opened. : ; 


Timed Contact Output Request Subroutine-Local and Remote (TCQ42) 


The Timed Contact Output Controller is used for addressing and controlling 
timed contact output groups from the Arithmetic Unit. ai supplies the 
communication link for obtaining these outputs. 


The output command is stored with the program number in the Normal or 
Priority Output Driver Table. In a normal request, the new output 
command is placed in the Normal Driver Table. For a priority request, 
the new output command is stored in the Priority Driver Table. All 
priority requests are serviced prior to Normal Driver Table requests. 


253 


There are two types of returns (specified by bit 7 of the Command 

Word) following a request for output. Return 1 returns to the normal 
exit of the calling sequence after the output command has been stored | 
in the drivér table. Return 2 locks out the calling program until the 
output is completed, The calling program is then turned on and control 
is returned to the normal exit of the calling. sequence, — 


SYSTEM COMMUNICATION 
Calling Sequence (Local Controllers) | 
p-l Place the TC%? Command Word in the A-Register: 


Bits 23~16 - Number of timing pulses for contact closure time or 
stepping. 


15-Ll - Index # of Controller 
10 - Position for Setpoint Controller 
0 = Move Setpoint Down; 1 = Move Setpoint Up 
9 - 0 = GE/MAC*PULSE OUTPUT 
L = PULSE DURATION OUTPUT 
7 - O = Normal Return (Immediate) 
L = Alternate Return (After Operation is Gens letad), 
6 - 0 = Matrix Address 
p SPB TCGCOL Normal Request 
; or : 
Pp - SPB TCPCO02 Priority Request 
ptl Busy/Error Return 
pt2 Normal Return , 


Calling sequence (Remote Controllers) 
p-l Place the TC Command Word in the A-Register 


Bits 23-0 = Normal Mode 
1 = Repeat Mode 
22-17-Number of timing pulses for contact elosure time or stepping 
16-0 = Move Setpoint Down | 
= Move Setpoint Up 
O = GE/MAC Pulse Output 
1 = Pulse Duration Output 
14-8-Index # of Controller 
7-0 = Normal Return (Immediate) 
= Alternate Return (after operation is completed) 
6-0-Matrix Address 


ae Dp SPB TCGC03 Nowial Request 
or 
SPB TCPCO4 Priority Request 
ptl Busy/Error Return ’ 
pt2 : _ Normal Return 


* Trademark of General Electric Company 


Slee 
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PROGRAM COMMUNICATION 


TCG42 returns to the “busy/error return" of the calling sequence when one 
of the following conditions exist: Y 4 see ce: 


A-Register Error 


é 


Driver Table Full 
Output Failed on Two Consecutive Overloads 


0 

2 

A Invalid Matrix Address 

8 TCG Timer Failure (Deadman), Remote sansee aie 


Communications coupler failed. 


Timed Contact Output Driver (LOCAL) - TCD 


TCD uses the Timed Contact Output Controller for addressing 
and controlling timed contact output groups from the Arithmetic 
Unit. To output a request, TCD places the command word in the 


'A-Register. The data is transferred to the location specified 


by the group address of the command word. . The Timed Contact 
Output Controller is then ready to accept another request. 


All output commands are initiated from the Priority Driver - 
Table before information is taken from the Normal Driver Table. 


~55- 
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SCAN REQUEST SUBROUTINE (SCR) - (LOCAL AND REMOTE) 


The Scan Request Subroutine stores the addresses of the Scanner 

Command Word and Count Value Tables in a stacking table. The a 
Scanner Commands are executed by the Scan Driver. SCR processes notmal -_ 
or priority, buffered and non-buffered scan requests. A normal © 
request is processed on a first in/first out basis.. Priority requests 
are processed on a last in/first out basis. The system has the option 
of-:storing time of the completed scan as last word of scan request 

count table. | 


SYSTEM COMMUNICATION 


Calling sequence 


Non-buffered Scan Request 


p SPB SCRCO6 Normal Reuvest or 
P SPB SCRCO7 Priority Request 
pil DEL 0,SCPTR 

p+2 Busy/error return 

p+3 Scan Complete return 


SCPTR = address of Analog Scan request table 
Buffered Scan Request 


p- SPB SCRCO8 Normal request or 
p SPB SCRCO9 Priority request 
ptlL DEL 0,SCPTIR 
pt2 _ Busy/error return 

Normal return 


To Determine When a Buffered Scan Request has been Comoleted 


Pp SPB SCRCO5 
pel Scan Incomplete return 
pr2 Scan Complete return 
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Analog Scan Request Table Layout ities 


SCPTR table example 


“Scanner, index number 
_ Core address of scan command words 
Core address of count value table 
7 Scanner, index number . : 
Core address of scan command words 
Core address of count value table — 
* groups of three for 
» @ach analog scanner 


TTTTITE, End of request indicator 


The last word of the individual scanner 's Scan Command Word Table 
must also be a 77777777¢. 


Example of Scanner Index number: 


Four local and two remote analog scanners have index numbers 0-5. 
These index numbers are the systems programs- Link or identification 
with the correct scanner. 


PROGRAM COMMUNICATION 
A scan request returns to the "busy return™ of the calling sequence with 


zero in the A-Register when: 
1. The individual scanner's stacking table of requests is full or 
Die The program currently has a buffered scan in progress oe 


ae The system is currently processing the maximum number of scans 
from the system stacking table. 


It returns to tie “busy return" with a 17777777 


g i nm the A-Register if none 
of the requested scanners are good. | | 


If anSCRCOS request is made after a buffered scan is couplers: its return 
is to p-2. The A-Register contains a minus one (77777777) if any 
scanners have failed que a zero if all scanners are good. 


The program must check SCNBAD to determine which of his requested scanners 
have failed. These scanners could be both local and remote. If scans from 
‘ several scanner controllers were requested, the scans are completed on. the 
working scanners before returning. If a request is made and the scanner 
has already failed, the request will not be stacked for the failed scanner. 
'To place a bad analog scanner back in service, the SCNBAD bit must be 
reset, 


7s 


GENERAL INFORMATION 


The locations of the Scan Command Word Table, Count Table, and the 
number of the calling program are saved in the scan stacking tables. 


A flag is set indicating that a scan-is in progress for this program 

(if the call is for buffered scan). The flag is reset by the Scan | 
Driver when the scanning is completed. A program cannot request a Second 
scan until a first buffered scan is complete. . 


A scanner can only be called once per request. The scanner index 
numbers in the Analog Scan Request Table, SCPTR, need not be in 
order, — 


For each Remote Scan Command Word, it is possible to request one of 
two modes. The first is an analog input only. The second is an 
analog input followed by a digital input in the counts table. This 
option is shown by bit 18 in the Scan Command Word. 


A remote or local 1 API priority scan request interrupts a normal scan. 
‘However, a local priority 3 API scan request allows a normal scan in 
progress to finish before the priority is serviced. 


The thermocouple reference count correction along with the offset. 
correction and scaling is completed before storing a value in the 
counts table. 


The System Programmer must update up to eight thermocouple reference 
count values for each analog scanner in the system. The label for this 


is: : 


RETMKX - where XX is the Analog Scanner Index number. The first 
analog scanner will be #00. 


Re 


SCAN COMMAND WORD FORMATS 
A. LOCAL SCANNERS 


1. Successive approximation Converter (high and/or low level) 
23,22 20,19 18,17 
THERMOCOUPLE 
REFERENCE 
BLOCK 
TEMPERATURE 
INDEX 


15,14 11,10 7,6 3,2 0 
” MATREX POINT |MUST | VOLTAGE | 
ADDRESS | ADDRESS! BE SCALE _ 


P/Q |ZERO | CONTROL 


Single Input Mode 

Group Input Mode (2 or 4 points 
. per group 

Single Input Mode 


0 = No gain optimization desired 

1 = Gain optimization desired 
(applies only to single 
channel, single API scanner) 


. to 


i" 
uo 


Group Input Mode (8 points per 
; group) 
Dé Integrating Converter 
23;22 15,14 . 11,10 7,6 514 3,2 0 


20,19 18,17 
THERMOCOUPLE 
REFERENCE 
TEMPERATURE 
_ INDEX 


No gain optimization desired ~ foo Single Input Mode 


LT ef 


© 
re 
nou 


1 = Gain optimization desired Group Input Mode (2 or 4 points 
, (applies only to single channel, - «:per group) _ 
: single API scanner) - |10 = Single Input Mode 

11 = Group Input Mode (8 points per 
group) 
‘B. REMOTE SCANNERS 
' Successive approximation converter . —_ 
23) 20/21 19 18,47. AeA 10 9,8 7,6 5 4 3 2 0 


VOLTAGE 

SCALE 
CONTROL 
GAIN | 


RESERVED! GROUP | MATRIX | MATRIX 
FOR jADDRESS| ADDRESS | ADDRESS] ADDRESS} ADDRESS 
RE 


rs 
0 = Analog and Digital Input 
1 = Digital Input Not Saved 
Thermocouple Reference Block Temperature Index 
= No Gain Optimization 5 a oe 
1 = Use Gain Optimization o 
O = Normal Mode - 7 & 7 
1 =» Repead Mode (The Remote Scanner will save and send the output request 


back to the Driver for verification before starting input) 
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Buffered Scan Request 


Buffered scanning is an option which may be selected at the time a request 
is made. : 


A request to test for buffered scan completion can be made by making an 
SCRCO5 call. If the scan is’ complete, the program gets a "No42" return, 
otherwise an incomplete return (p+l) results. 


When the scan request is stored in the request tables, return is made 
immediately to the normal return. 


At this time the functional program processes the count values placed in 
the alternate count table by a previous scan request, In this way, a . 
functional program can process one set of count values while the scan 
driver is placing count values in an alternate list and drive the scanner 
at close to maximum speed. 


SPB SCRCO8 (Normal Request) or SPB SCRCO9 (Priority Request) 
DEL 30, SCPTR . 

Busy Return (Stacking List Full) 

Normal Return 


pees ease oes al 
Addresses uae: | 
SCAN COMMAND 


“Only 
| TABLE "A" 


SCAN COMPLETE REQUEST SCRCO8 or SCRCO9 


SPB SCRCOS | COUNT TABLE 
WAN 
Scan Incomplete: 


Scan Complete 


Request scan for "B Tables and 
process new counts in "A" Table 


SCAN COMMAND 
TABLE "B" — i 


D2 Lad hee 


wae 


ae 


ei ee 


~ "PROCESS PREVIOUSLY REQUESTED - 
- COUNT VALUES IN TABLE B, IF - 
- ANY. CONVERT, LIMIT CHECK, - 
- ETC. S 


—_n mene eee Yat 6 RENT = emma enter seman we eee 


Non-Buffered Scan Request 


When the scanning is completed, return is made to the "Scan Complete 
Return''. Local and remote (1) API are normal requests processed on a 
first in/ficet out basis. Local 3 API priority requests are processed 
on a last in/first out basis. Remote and local 1 API priority requests 
are processed on a first in/first out basis. - There are separate tables 
for normal and priority (1) API scans. ~ 
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A non-buffered scan request locks out the calling program 


until the analog scan request is processed. 


SPB SCRC06 (Normal Request or SPB, SCRCO7 (Priority Request) 
Core DEL_-0, SCPTR | 


Adee CT 


Busy Return (Stacking List Full) © 


Only Scan Complete Return 
Voltage 
Scale | 
COUNTS SCNTBL 
23 6543210 23. 201918_17. _ + 2 9) 
() 7 
0 
Count 
Value” 
Scaled 


Scan Table 


= 0,2 - Single Input 
Scaled Offset 1,3 - Group Input 


Corrected Count 


we 
i 


L 


If Integrating Converter: 
Converter Overflow Indicated} 


8-Channel Scanner 


T£ Successive Approximation: 
Converter Overflow or 
Open Thermocouple 
Indicated 


If Integrating Converter: 
Open Thermocouple Indicated 


Scanner Overload or 
Converter Overflow or 


Open Thermocouple Indicated 
If Successive Approximation: 
O's Indicated 


~Q2< 


De2k 
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1.23 


__ ANALOG SCAN DRIVER (SND) LOCAL” 


The Scan Deiver outputs Scanner Commands from a Driver Table. They are © 
sent to the Scanner by a T@M or QUT Command. - The count values are re- 
turned by a TIM or IN Instruction and stored in the specified table. The 
count values are converted, offset corrected, and scaled before storing. 
After all requested points have been scanned, the calling function is 
turned on. 


“SCAN OFFSET PROGRAM (SCF) 


The analog readings of the shorted pair are obtained for each voltage 
scale. This new offset is calculated from the weighted average of the 
current reading and previous offset values for each voltage scale. 


REMOTE DIGITAL INPUT REQUEST SUBROUTINE (RDS41) 


RDS41 is used to request digital inputs from digital input controllers 

on systems having remote scanners. The system programs requesting digital 
input are "locked out" while their digital input requests are being 
processed. 


SYSTEM COMMUNICATION 


Calling Sequence 


p-1 Place the DIS Command Word in the A-Register 
p SPB RDSCOL 

p+l Busy/Error Return 

pt2 Normal Return - 


The format of the DIS Command Word is shown below: 


22. 17 16 
RESERVED - “| RESERVED 


FOR 
FUTURE 
___USE 


LARS: ee ere Tee ae 


Digital Input 
Group Address 
Digital Input Controller Index 
Normal Mode ‘ 
1 = Repeat Mode 
(The remote scanner will save and send the output request back 
to the driver for verification before starting input) 


The digital Input Controller index indicates which controller is 
being requested. 


oe 


e.g. Two controllers in system 


0 ar a ee 
1 


ist has index # 
2nd has index # 


Ul 


The number of data contacts read per digital input group (Lyk 0 has 
been reduced to eleven plus validity. 


PROGRAM COMMUNICATION 


RDS41 returns to “busy/error return! of the calling sequence when one of 
the following conditions exist: 


A-Register Error 
0 Driver Table full 
8 Digital Input Controller, remote scanner, or . 


communications coupler has failed. 


RDS41 returns to the "normal return" of the calling sequence with the 
following word in the A-Register: 


penal 
oy 
jo) 


“2 


; L110 
RESERVED FOR| VALIDITY “i: DARA 
FUTURE USE | INDICATOR CONTACTS 


I/O Typer Input Demand or Character Ready 
From the Addressed 4307 Remote Scanner 


+ oF 


Bit 11 will always be reset at this time. For more information on the use 
of this bit, see TSD41 Remote Scanner Driver Section. : 


RDS41 is a permanent core subroutine which runs inhibited. It restores 
the original interrupt condition upon return to the calling poe tat. 
RDSCOL is a common label defined on the system EQL tape. 


A program using this subroutine must have full eight-word register 
storage. ve, | 


1.24 CORRECTIVE ACTION DIAGNOSTIC (CAD) 


CAD performs peripheral, drum, disc, multiple output distributor, scanner, 
and timed-contact output corrective actions for the GE/PAC Monitor. 
Corrective action is taken for the following peripherals: 


4221C Fixed Carriage Output Typer (15 CPS) 
4223¢ Long Carriage Output Typer (10 cae 
anes 4233C Teletype (10 CPS) 
- 4253C Paper Tape Punch (120 FPS) | 
4262C Line Printer (300 LPM) 
4270C 1/0 Typer (15.5 CPS) 
4282A Card Punch (100 CPM) 
4224C Card Reader (CR 10) 
4213 Digitronics paper tape readers (100, 200, 300, FPS) 


Corrective actions are as listed: 


1. Substitute an alternate output peripheral when . 
an output peripheral fails. ; 

2. Permit operator recovery for the card reader, * 
card punch and printer. ; 

3. Reset device flags and switches for the eeirea- 
device. 

4,, Turn on any programs. "locked out" for the failed 
‘device. 

5. Type alarm messages indicating the exact location 
of the failure, when possible. . 


After the necessary actions are comp Tetees CAD turns itself off and 
exits to the ECP, 


£225 INITIALIZATION ROUTINE (INZ) 


INZ initializes the start-up conditions for a Monitor System. ‘Initial 
storage, switches, and variable locations are set for Monitor Programs. 


Each system should add its own system initialization to this routine. 


To initialize an all-core system, the pecesamee must follow the out- 
lined steps: 


! 


rae 


1. Branch to the starting location of the 
Initialize Routine (37,). 


2. Press Console —> B. 

3. Turn key to "Automatic" 

4. Press "Step" button. 

5. Reset the "API Lockout" switch. 


For a drum/disc core system; will be defined later. 


1.26 © FIND/RESTORE WORKING CORE AREA SUBROUTINES . (FMR) 


The Find Working Core Area Subroutine is used to find space for reading 
data from paper tape, scanning analog points, transferring a program 
segment, building an output data table, transferring an untested program 
of the Free-Time System, etc. When a epece is pPOuues this area is set 
to unavailable, occupied status. 


The Restore Working Core Area Subroutine peisases an area by seGtine at 
unoccupied and available. ; 


865~ 


To find a working core area, 


LDA Number of Locations 
SPB FMRCOL 
Unavailable Return to 
Normal Return-with the location of the free 
. core area in the A-Register 


The “Unavailable Return” is taken when a working core area is not 
available. The system programmer, at this time, should» set a delay and 
then initiate another FMRCO1 subroutine call. 


To release a working core area, 


DLD A-Register with the Number of Locations 
Q-Register with the starting core mocatton 
SPB RMRCOL 
' Normal Return 


_. Remote Scanner Driver (RSD41) 


The Remote Scanner Driver is used to operate the Model 4307 GE/PAC Remote 
Scanner Controller through the Model 4306 Communications Coupler, [et 
permits: 


1. Analog scanning from remote Analog Input Controllers 
2. Digital scanning from remote Digital Input Controllers 
3. Digital and analog outputs to remote Multiple Output Controllers 


4. Timed contact outputs to remote Timed Output Controllers 


5. Peripheral buffer inputs and outputs to remote 4201B peripheral 
Buffers 
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FUNCTIONAL DIAGRAM 


CENTRAL 1306 le L_ COMMUNICATIONS COUPLER ne 
PROCESSOR | 


> 


UNIT 


REMOTE SCANNER CONTROLLER (maximum 4) 


4307 4307 ee 
4307 4307 : , 
REMOTE CONTROLLER MODULES| (maximum 5) 
a. Model 4100 Analog Input Controller and 4130 
. dul A/D Converter. - 
Only one of each module b. Model 4400 Digital Input Controller. 


is allowed for each 


p ¢. Model 4300 Multiple Output Controller. 
“Remote Scanner Controller. a , 


. Model 4302 Timed Output Controller. 
>. Model 4201B Peripheral Buffer 


1.28 ANALOG INPUTS 


The Analog Input function operates similar to the Analog Controller 
operation if it were attached to the central processor except that it 

is slower in operation, and its scanner command format is compressed, 

and merged with the module address. Automatic group advance type ‘con- 
toller is not allowed. The scanner is single-channel successive dpproxi- 
mation only. Matrix overload and converter overflow is handled separately 
and their indication is returned as non-data responses. 


The system programmer has two options for each scan command word presented 
to Monitor, which are indicated in Bit 18. © 


1) Analog Input only or ' : 
2) Analog and Digital Inputs 


If bit 18 is not set, the analog value is stored followed by the digital 
value. ; ron 
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ANALOG REQUEST FORMAT 


53:99) 90.19 18:17 6-15 1h 13810 14 16°98 7-6 SR a aD Os 


Be a HS ea 


RESERVED FOR | GAIN 
FUTURE USE | 


0 =-Analog and Digital Input 
1 = Digital Input not saved 
hermocouple Reference Index 


iL 

0 = No Gain Optimization 
1 = Use Gain Optimization 
0 
1 


= Normal Mode 
= Repeat Mode 


OBJECTIVES 


1. To input the analog count value from the scanner. 
2. To store the value in the specified count table if the point is © 
not “locked out!" of scan. 
3. To scale all count values to correspond with he: lowest voltage 
scale, 
4. To subtract the offset voltage (counts) from the raw count. 
5. To add the thermocouple reference block temperature voltage (esunes) 
to the raw count. 
6. To gain optimize upon request when converter overflows. 
7. To optionally store the time in system counts as the last word of — 
the scan count value table. 
8. To repeat a scan command output for verification of line trans- 
mission if requested. 
9. To store a digital count value upon agent after the ee value 
in the specified count table if correct expected response for- 
mats are received, a 
10. To notify the calling program after two consecutive transmission 
or non-expected response errors with a “specified bit set in the 
‘A-Register, 
11. To turn on a non-buffered ey program when all scans have been 
completed with a scanner failed code in the A-Register if required. 


1.29 DIGITAL INPUTS 
The Digital Input function must by necessity work in a different manner 
than when attached to a central processor due to transmission out ane 


back. To conserve line time it operates in two modes: 


1) In conjunction with ene Analog Scanner 
2) Separately 


The number of contacts read per digital input group (L,L,) is reduced to 
eleven plus validity, The driver does not check the validity bit, 
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DIGITAL REQUEST FORMAT 


23 22 21 2019 1817 16 15 1413121110 9.8 76 5°43 2 1°0 


RESERVED FOR . " DIGITAL INPUT . L L RESERVED FOR 
FUTURE USE CONTROLLER INDEX l FUTURE USE 
0 = Normal Mode 
' 1 = Repeat Mode 
- OBJECTIVES 
1. To input the digital count value yom the remote scanner, 
2. To store the value in the program's. A-Register within his 
register storage block, 
3. To repeat a digital output for verification of Mie transmission 
if requested. 
4, To turn on the calling program after digital request has been 
completed. 
5. To notify the calling program after two consecutive itawemtesteas 
on non-expected response errors with? . specified bit set in the 
A-Register, 
1,30 DIGITAL AND ANALOG OUTPUTS 
4 The Analog and Digital Output function operates similar to the present . 
Multiple Output Driver, except that the format is changed. Digital 
Outputs will be either eight bits per word with 32 groups addressable or 
10 bits per word with eight groups addressable. 
8-BIT REQUEST FORMAT 
23 22 21 20 19 18 17 16 15 14 13 12.1110 9 8 765 43 2 Le om 
: Ps { 
O=Normal Mode 0=4MS DATA . GROUP ADDRESS GROUP/INDEX ADDRESS 


O=Immediate Return 
l=Return When Output Complete 
(Alternate return) 


1l=Repeat Mode 1=75MS 
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10-BIT REQUEST FORMAT 


23 22 21 2019 1817 16151413121110 9 8 7 6 5 4.3 2 1 «0 


Normal Mode . DATA ae GROUP GROUP/ INDEX 
Repeat Mode - eR “ ADDRESS ADDRESS 


O = Immediate Return 
1 = Return When Output Complete 
(Alternate return) 


NOTE: The use and position of Bit 6 is kept the same as in the local output. | 
The Group/Index address in Bits 0-5 has the same usage as in local. outputs. 
If there is no status word table, this number is a Group Address, See 
M@R44 - Multiple Output Request Subroutine, for further information. 
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OBJECTIVES 


L. To output analog, binary or decimal contact BEATS: 

2. To request a normal output only. 

3. To repeat an analog, binary, or decimal contact canoe for verification of 
line transmission. 

4, To turn on the calling program after output ae been completed on an alternate 

return request. 

5. To notify the calling program after two.consecutive transmissions or non- 
expected response errors with a specified bit set in the A-Register. 

6. To notify the calling program after two consecutive overload errors with a 
specified bit set in the A-Register, 


1.31 TIMED CONTACT OUTPUTS 


_ The timed contact output function is similar to the operation of a timed contact 
output controller when connected te a central processor except for reduced speed 
and a compressed format word mergéd with the module address, There are only 32 
group addresses and the count is restricted to 6 Bits. 


TIMED OUTPUT REQUEST FORMAT 
33 22 21 20 19 18 17 16 15 14 13 12 311109 8 7 6 5 43 2 1 «0 


NUMBER OF TIMED OUTPUT GROUP ADDRESS 
TIME COUNTS CONTROLLER INDEX 
0. = Normal Mode = GE/PAC Pulse 0 = Immediate Return 
1 '= Repeat Mode = Pulse Duration. 1 = Return When Output 
0 = Move Setpoint Controller Down | Complete (Alternate 
1 = Move Setpoint Controller Up . Return) 
“OBJECTIVES 


Ll. To output timed contact closures for a specified time period. 

2. To repeat a timed contact output for verti ication’ of line transmission if © 
requested. 

3. To turn on the calling program after Barret has been completed on an alter- 
nate return request. 

4. To notify the calling program after two consecdiaes transmissions or eesaceea 
response errors with a specified bit set in the A-Register. 

5. To notify the calling program after two consecutive overload errors with a 
Specified bit set in the A-Register. 


Pa] be 


a 32 


* 
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PERIPHERAL BUFFER INPUTS AND OUTPUTS 


The peripheral I/O functions operate as did the 42018 Peripheral Buffer. which was 
connected directly to the central process, except that speeds are slower and 
the device nyECe BEGETS DORGG: ane Devices offered will be the following: 


a) Model 422183 output nee: 

b) Model 42238 Long Carriage Typer 

c) Model 4270B 1/O Typer 

d) Model 4253A Paper Tape Punch . | 
e) Model 4240B Card Reader (70 CPM) 
£) Model 42134 High Speed Paper Tape Reader 


Peripheral Buffer Lagak foak put Monitor requests continue to be handled in the 

same manner. No repeat of remote I/O requests are allowed. If the peripheral 
buffer is not ready, the driver will do other requests or polling until it be- 
comes ready, 


PRIORITIES AND INDEXING 


Two Remote Scanner Driver entries, from interrupts, are required for each Communi- 
cations Coupler. The Remote Scanner Modules have priorities within a Communications 
Coupler, A normal request from a higher priority module will be processed before 

a priority request from a lower priority module in the same communication coupler. 
These module Priorities must be defined at the time the Monitor is built, 


Modules, both local and remote, have indices which must be specified at assembly 


time. The indices are for a table of pointer words. The pointer words’ indicate 
the location of a module's associated stacking tables, 


Example: 
tartertinanertmcteciponensiysioteaten ne 


Four local and two remote modules of the same type have index-numbers 0-5. 
These index numbers are the system program's link or identification with 
the correct module, ; 


Index words must also be specified at assembly time giving the 4307 each remote 
module is associated with. 


The digital input controllers, multiple output PontroLisrs, and timed output 
controllers are handled in a similar manner, 


A Communications Coupler communicates with only one module at a time. A two- 
second diagnostic count will be set to check for interrupt failure. Each 
Communications Coupler has the following interrupts: 


DMT NON-INHIBITABLE 

TIM NON-INHIBITABLE 

SPB (TIM ECHO) RESPONSE INHIBITABLE (TABLE FULL) 
SPB: TRANSMIT INHIBITABLE 
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POLLING DIGITAL SCAN 


This driver does a sampling (polling) of each 4307 at timed intervals, This is 
required to bring in change detection and 1/0 typer input demand. It is also 
required to keep the driver active while waiting for a TC@, M@ or PB ready signal. 
It is accomplished by digital scan of group #00 of the Digital Controller. 


If there is no digital controller on the 4307, the digital scan request to a. 
dummy group #00 will still bring in the required information. - 


CHANGE DETECTION 


A table of words called CHGDET is set up with one word for each Communications 
Coupler, The remote scanners are also assigned a priority. When a change 
detection occurs, a bit is set in the correct word (communications coupler) using 
this priority as an index, Also, a system program which is designated (CHDPRG), 
is turned on. This system program must then determine which remote scanner had 
.the Change Detection, reset the bit and take the appropriate action. 


Repeat 


The "R'" repeat bit is used in the following manner. Each remote analog input, 
digital input, multiple output, and timed output request, must define whether this 
request is to be repeated. If the "R" option is selected, the dtiver sets the "R" . 
bit on its output request command, The 4307 saves and sends the output request 
back to the ¢river for verification. The driver then sends the output request 

again without the "RY bit, knowing the 4307 will compara this request with the saved 
command, If an error occurred, a non-data response reply will be returned to the 


driver with the error transmission bit set. 


% 
% 
3 


Transmission Speed 


. Line speed can be selected by a plug-in jumper at 150, 300, 600, 1200 and 1800 


bits per second. Usually the 1800 is selected for general remote scanner 
application. ° 


SYSTEM RESTRICTIONS 

1. Only one I/O typer can be used for each remote scanner. 

2. Only (4) Remote Scanners can be connected to a single Model 4306 Communications 
Coupler. 

3. A maximum of (5) modules, one of each type, can be connected to a ne Model 
4307 Remote Scanner, 

4, Only (1) peripheral or module can be acces sed at a time on a given Model 4306 
Communications Coupler (Party Line). 

5. Each analog scan automatically gives a digital fagae. ‘Mavine the time. the 
analog scan is being accomplished. The digital group address, however, is 
the same as the N.P.Q. specified for the analog point. . (A program option 
exists, which allows the programmer the choice of saving this digital input. ) 

6. Only single-channel, successive approximation scanners can be used. 

Z. Only one digital input group can be requested in a single Hedtes® A a program, 
The number of contact points per group is 11. | - 

8. No repeat of remote peripheral buffer requests will be aiisged. 

9, No Pulsed or Timed Multiple Outputs can be used. 

10. Teletypes can be used as remote output peri ipherals nile: 

ll, A single system can have no more than 24 peripheral devices. 


NOTE: See Remote Scanner Driver (RSD41), for more information. 
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COMPUTER OPERATOR SUBSYSTEM 


This subsystem is functionally equivalent to that which has traditionally 


- been known as OPR, but its organization is somewhat different and its 


capabilities somewhat expanded. Two distinct versions are available, one 
for core-only memory systems, and a second for core-bulk memory systems. 
The subsystem consists of an executive function and a group of programs 
which are designed to perform the specific requested functions. 


The executive function operates within the framework of Monitor as a functional 
program’ and is activated (turned on) by operator demand from an I/O keyboard-. 
printer device. The executive communicates with the operator via the 1/0 
keyboard-printer to determine which of the available functions is requested, 


It then establishes communication between the requested program and Monitor 

so that the requested program may then continue the communication with the 
operator to determine the specific parameters required to perform the task 
requested. The executive is then free to accept requests for other functions. 
The number ef concurrently operating functions is limited by the number of 
positions in the Monitor priority table made available to the Utility Subsystem, 


The specific functions which are available under this subsystem are: 


a. LOADING of binary data from any specified input device to any specified 
memory medium. 

b. DUMPING of binary data from any specified memory medium to any specified 
non-printing output device. coe format is to be acceptable to LOADING 
function. 

c. DUMPING of octai data from any suet tced memory medium to any specified 

' printing device. 


- d, COMPARING binary data from any ‘specified input device against contents of 


any specified memory medium with documentation of discrepancies on any 
specified printing device. ° 

e, Translating octal data from any specified input device to pinay data 
output to any specified non-printing output device. Output format is 
to be acceptable to LOADING function. = 

£. Processing Library calls in program input fitée:. This function accepts 
from any specified input device the binary output of the PAL assembler. 
It requests input of required library subroutines and appends them to 
the assembled program. The output consists of binary data in format 
acceptable by LOADER function, and it may be directed to any specified 
non-printing output device. 

g. MEMORY CHANGING and DOCUMENTING - This fiuketoa documents and/or changes 
the contents of any designated memory location. Documentation of changes 
is in octal (version 1) or in decimal (version 2)'on the same ‘T/o keyboard- 
printer device through which the parameters are communicated, 

h. Setting system CLOCK and CALENDAR. . 

i. Changing PROGRAM STATUS (On, Off, Locked Out). 

j. Changing PERIPHERAL.STATUS (in or out of service). 


iy (Ae 


k, Media conversion - This function accepts input from any specified input 
device and reproduces it on a record by record basis on any specified 
output device. Input records must not be longer than the maximum per- 
missible record in the specified output medium, If the input device is a | 
keyboard, standard "delete previous character" and "delete record" charac- 
ters are recognized so that the function can serve as an effective paper 
tape or card preparation tool. 

lL. Establish MEMORY PROTECTION STATUS feu a iestecaced functional program. 
This function provides capability for setting up memory protection | 
parameters for a program.to be debugged. It includes standard trapping - 
subroutines for protection-violation and API stall traps. 


These subroutines document the occurrence of traps, and when feasible 
cause re-entry to the offending program for further execution. If 
re-entry is infeasible the offending program is turned off. 


In addition to the basic configuration and the required memory space, hardware 


requirements for each of the described functions are evident. from the functions 
themselves. 


APPENDIX A 
MONITOR PSEUDOG-OPS 
Pseudo-ops defined by MONITOR are: 


BCD - Binary to 8-Bit BCD 

BCN - Binary Character Output 

CLK - Clock 

DEL - Delay and Drum/Core Addresses 

DFE - Floating Point to E Type Floating Point Decimal 
DFP -.Floating Point to Fixed-Point Decimal 

DFX - Binary to Fixed-Point Decimal 

FBB - Binary to 4-Bit BCD 

FOR - Drum/Disc Controller Index and Number of Word in bulk request. 
INF - Input Request Information word 

@CT - Binary to Octal (integers) 

GUF - Output Availability Check and Information Word 
PRG ~- Maintains REGSTG and RSX Tables of ECP 

SZE - Size of Program 


' The BCD, BCN, CLK, DFE, DFP, DFX, FBB, and @CT pseudo-ops are used with the 
Output Program as format words. Refer to the Output Program, subcategories of . 
1.14, for explanation of these pseudo-ops. The DEL, F@R, INF, PRG, SUF, and 
SZE pseudo-ops are used in subroutine calls and are explained’ below: 


The DEL pseudo-op is used in the Scan Request, Input Request, Output Request, 
lst word of the 3-word Drum Transfer Request, and Set Program Delay Subroutine 


Calis. Coding examples and format are as follows: 


DEL 0, 1L5*SECND DEL L,EMTB 


a ] L 12 11 10 (oe me ees ee Fe ee ae 

Delay in Seconds, Core or Drum Address, or Drum Address of a 

Three-Word Drum Transfer Group 

0 = Area Unavailable for a delay call; core address; or drum to 
core transfer , 

L = Area Available for a delay call; drum address, or core to drum 


transfer 


The F@R pseudo-op is used to specify the drum/disc comenolter index and the number 
ef words in a DTRCOL or DTRCO2 request. : 


FOR 0,/300 FGR PDISC, WIGTAL 


23 22 21 20 19 18 17 16 15 14 13121110 9 8765 43 2280 


Number of words to transfer ; <a 


Drum/Dise controller index 


af hm 


The INF pseuconoP is see in ee ueres _& coding example. and -format definition. 
follows: ~~ we 


INF 0, L, 1, 4, 25 


SB areirite pias sesso see TOOT 


Bit 22 indicates that the input mode is symbolic characters. ee indicates binary) 
Bit 20 indicates that packing will occur. 


a 


Packing Mode 


Binary 


Device Symbolic 


Paper Tape 
Cards 
Keyboard 


Bit 19 indicates paper tape input. (Reset indicates keyboard input. This bit has . 
meaning for teletypes only.) az 

Bits 14-18 is. the input device priority number. 

Bits 0-13 are the maximum number of characters to be read. 


The GUF peeudoop is used in Output Availability oS and datout Request. A coding 
example and format definition follows: 


BOR 05-15 05100; By 0.03 17 


29,22 21 ZO OLD 6 14 13 12. 10 9 5 4 0 


ToT of 0 0 01 1] 0] Reserved [OOOO OM O001. 


for future 
f use 


Bit 23 indicates no page control is desired for this message. 
Bit 22 indicates EIA - RS 244 output conversion is desired, (Reset for ASCII/CPC) 
Bit 21 indicates that a data area is not used in this message. 
Bit 20 indicates that the area availability status will not-be chaHEets (Set indicates 
délay in opposite of present stauts) 
Bit 19 indicates that the message is to be EYP CG _ Get for supenine: Has meaning 
only on teletypes.) ; : 
Bit 14-18 indicates the device priority number. . “ 
Bit.13 indicates this message is output as symbolic characters. (Set indicates binary) 
Bits,5~9 is the bulk controller index to the data words. 
Bits 0-4 is. the bulk controller index to the format words. 
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_ The PRG pseudo-op is used to maintain the REGSTG and RSX Tables of ECP and by the 
Turn Program Off Subroutine. It contains the flip-flop status of ONEEE TOW: permit 
interrupt, test, next entry location and memory fence. 

PRG 0, 1, O, START, 0 


23 22 21 20 19 18 17 16 15 14 13 21 11:10 9 8 7 6:5 4 3 2 1 0 


Next Entry Address 


Memory Protect | 
Test Status < 
Permit Interrupt Status. ° 7 coke 
“Overflow Status 


For a Drum/Core geen. Lf the next entry address is set to zero, the program begins 
at its first location. 


The SZE pseudo-op specifies the required parameters for the second word of the 
three-word ECP Drum Transfer Group and the second word of the three-word save status 
tables, 


ECP SZE 1,0,0,0, /400 (This psuedo-op tells the area 
Drum Transfer Group i +¢ availability status, Bit 23; 
, Fortran status, Bit 19; fixed 
core status, bit 18; drum/disc 
controller index bits 17-15; 
' and size of program, bits 13-0 


0 


yn 1c AC Ls ie ae on ee ae 


Drum/Disc = ||: O| -*Size of” 
Controller , Program 


| index Number |. 


P) 


- Avea availbility on ae from ECP 
0 = unavailable 
1 = available 

C - Core status 

O = program not in core 

L = program in core 

« Transfer Status 

0 = program not in transfer 

L = program in transfer or requested DTRCO2 transfer to or from bulk 


tJ 


* For programs with adjacent save status, this size figure includes save status and 
“programs, For programs with disjoint save status, this size figure is for program 
only, 


N - Current Area Status 
0 = program running with core area unavailable 
L = program running with core area available 
F - FORTRAN Available Subroutine Usage Status 
0 = program does not use subroutine while running available 
L = program uses subroutine while running available 
Fixed Working Core Status. 
0 = Program can run anywhere in working core : 
L = Program must run from fixed working core area. 


W- 
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DELCOL 
DELCO2 
DIRCOL 
DTRCO2 
FMRCOL 
FRPCOL 
FSSCOL 
INRCOL 
INRCO2 
MAPOL 

MAPO2 

MAPO3 

MAP04 

MORCOL 
MORCO2 
MORCO3 
MORCO4 
MORCO5S 
MORCOG 
MORCO7 
PFFCOL 
OFFCO2 


PUCCOL 
PURCOL 
RDSCOL 
RMRCOL 
SCRCOG 
SCRCO7 
SCRCO8 
SCRCO9 
SCRCOS 
TCHCOL 
TCHCO02 
TCOCO3 
TCOHCO4 
TPNCOL 
TPNCO2 


TPNCO3 


APPENDIX B 
COMMUNICATION CALLS 


Set Program Delay for A Specified Time Period 
Sets Program Area Unoccupied and Available During Delay 
Drum Transfer Request (Immediate Return) 

Drum Transfer Request (Drum Transfer Comp reced Return) 
Find a Working Core Area 

Find Register Pointer 

Find Save Status Pointer 

Input Request 

Read Completed Request 

Core Map Maintenance - Set Area Occupied 

Core Map Maintenance - Set Area Unoccupied 
Core Map Maintenance - Set Area Unavailable 
Core Map Maintenance - Set Area Available 
Normal Non-Priority Multiple Output Request 
Normal Priority Multiple Output Request 

Timed Non-Priority Multiple Output Request 
Timed Priority Multiple Output Request 

Unlatch A Previous Timed Request 

Pulsed Non-Priority Multiple Output Request 
Pulsed Priority Multiple Output Request 

Turn Program Off Request 


Set Program Area Unoccupied and Available During ‘the Time Seotan 


Is Turned Off 
Output Availability Check | 


‘Output Request 


Remote Digital Input Request 
Release A Working Core Area : 
Normal Non-Buffered Scan Request ~ 
Priority Non-Buffered Scan Request 
Normal Buffered Scan Request 
Priority Buffered Scan Request 


. Scan Completed Request 


Normal Timed Contact Output Request (Local) 
Priority Timed Contact Output Request (Local) - 

Normal Timed Contact Output Request (Remote) 
Priority Timed Contact Output a (Remote) 
Turn Program On Request 

Turn Program On Request If Egret. Is Gaereatiy 
Turned Off 

Specifies Next Running Program. 
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36,39,40,41,42 
36, 38,40, 41, 42,43 
12 


a) 
16,17,18,19 
20. 


APPENDIX C 


MONITOR SYMBOLS 


' The following symbols are seed by Monitor, and should not be defined By: the 
programmer : 


ALERT 


ALTFLG 


- ALTTBL 
ALTTB2 


AUXTM 
AVLMAP 
BAD 


C@RMAP 
DMCRNG 


DTAREA 


DVCODE 


EOMFG 
FALLUR 
MESSFG 
6¢S 
PRIGNG 


PROCFG 


PREG 


PRGOGNG 
SEGND 


STSMAP 
TIME 
XFER., 


. Area; 
. Example: 


Output Peripheral Activate Flag 

The peripheral device priority number corresponds to the associated bit. 
Example: Device #3 = Bit 3 of Flag 

No Alternate Device Flag : 

This flag shows that an output message for “che requested output peripheral 
has no working alternate, therefore, the output message was destroyed. 
Example: Device priority number i corresponds to bit i. 

Primary Alternate Device Priority Numbers for Peripheral Devices. ‘The 
alternate for device priority number i is found in ALTTBL+i., 

Example: Priotity Device #5 = ALTTBL+5 7 


Secondary Alternate Peripheral Substitution Table. Provides another 


alternate table in the event a secondary alternate peripheral device 


is required, 

Table of Auxiliary Time Counters 

Available Area Map as 
Peripheral Device Failure Flag 

The Peripheral device priority number corresponds to the associated bit. 
Example: Device #4 = Bit 4 of Flag 

Occupied Area Map 

Three Times the Running Program Number 

Data Area Bit Word 
corresponds to Bit 
Area 2 = Bit 2 
Area 3 = Bit 3 
Device Codes 

A table of hardware addresses and classification codes EOE berepictay. 
devices arranged in descending order. 


>} 


ie ‘ 


Example: #0.- Highest Priority Device 


‘A one-word flag indicating that end-of-message has been reached for device i. 


Peripheral or Hardware Failure Device Flags 

A one-word flag indicating the availability of the output buffer for davies 14 
Peripheral Device Out-of-Service Flag 

One Times the Running Program Number : 

A one-«word flag set when the first buffer of a message is Peads for output. 
Program Execution Times ak 
The table starts with Program No. l. 
Eight Times the Running Program Number or 
One second in real-time counts: IL = One second system; 2.= 
second system; 4 = One-quarter second system, etc. 

Occupied Save Status Area Map — 

Time in System Counts (Cleared at Midnight) : 

Number of Drum Transfer Requests Waiting for a Program 

This table is referenced by program number, 

Example: Program 7 = KFER+7 


One-half 


~30~ 


oa APPENDIX: D 


MONITOR ASSEMBLY CHECKLIST "— 


In building a Monitor system, the programmer must define the 
specific parameters and system options. The following check- 
lists are used to specify these parameters. When the check~ 
lists are completed, send them accompanied by the interrupt 
assignment ‘or the system to the Programming Librarian. 


By judicious selection of system options, it.is possible to 
acquire a Monitor which contains only those capabilities that — 
are neaded for each epplication. The size of Monitor varies ~ 
with the combination of options selected. 


at 


Additional copies of the Checklist may be obtained upon cequest 


a et 


from the Programming Library. 


“*y 
. 8 es 1~ 


~oR3~ 


Library File No,oc. _ . 
- Programmer's Name 


; ; ae | Date 
| SYSTEM PARAMETERS (ALL EQL's must have an assigned value. ) 2 . | SYMBOL EQL VALUE 
1. 8 vour system ror [1, (GE/PAC 4020) Drum/Dise c Core 
(Check One) (GE/PAC 4620) “Ait-Core 

2. QUASIS ~ Check one or more depending on the system's need. 

Single-word floating point pom | 

Double-word floating point Saas 

Single/Double-word floating point Sas 

Is floating point being used in your system? YES NO 

If yes, is hardware floating point ‘being used in your system? 

YES NO_ 

3, NUMBER OF COUNTS USED BY SYSTEM PROGRAMS AA EQL 


Number of System Program to be turned on when a system 
count becomes negative, 

This program must be written by the System Programmer 

Option count, System calendar updating YES NO 


EAPO RE TARO RSENS OE SUN SNEAAMMARE IS bene OPRE ARS POS hy TA 


APRO@GM | EQL 


Ere ns Mees oe ane ernentomer ani ea 


4, TOTAL NUMBER OF FUNCTIONAL PROGRAMS 


(Include Monitor. Ereurans listed in 11.) B EQL 
* D4 NUMBER OF FUNCTIONAL PROGRAMS HAVING SAVE STATUS, BB | EQUL 


Se aon memnaembaienties chndemiehdinitiaesiehiameedtediicain meine es 


“ANE ROR PANN Na he, 


eA Se SE Tb NS gy ERENCE nM A NE ethene ERAT Tt 


6, NUMBER OF 8-WORD REGISTER STORAGE BLOCKS BBB EQL 
All Monitor eee ere 8-word seeeres storage blocks. 


ok apareoe f panei MOD Kahl 0 heated aatedinness 


oes Re Ree ee LE ctnek tet tle I eee emer tebe BASES BREE ED E VERSIE 
A MA SPEAR mee aie wr ee en ee wedre wo ahem ewe 
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Library File No, 
Programmer's Name 


‘tae mlabaair enna Er rren HLEASLRRLTE RESA 


‘ \ ‘ . . ; a as ? Date 
SYSTEM PARAMETERS (ALL EQL's must have an assigned value.) | SYMBOL VALUE 


7. ‘STARTING ADDRESS OF THE FLOATING WORKING CORE AREA is BASE EQL /: 
(Starts after MONITOR and system permanent core ze 
and must be a multiple of 100g.) 


meen 


' B. BULK CONTROLLER DATA: . 
1) Bulk Controller 1; , ’ 
a. Controller Address | | . BULKL 
b. Pointer Address’. ee 4 ae : BULKLP 
? c. Maximum Address | oe ue MAXD1 
| d, Check which bulk device is used: . = 
: Drum _. Disc - 
a disc: ou . . < & : 
. State number of ‘deivesr..’ | eae - DRIVEL 
Is Seek Ahead. peers desired? 7 7 es | 
YES: oa Se. NO 


' 2). Bulk sadteniiae®. 
2 ay Controller Address 

b, Pointer Address 
ce. Maximum Address 

d, Check which bulk davies is used; 
Drum_- - Dise 

Tf disc: . . _— 

' State number of drives: : DRIVE2 

Is Seek Ahead Option desired? —_ 

ba - | “NO 


C,. ARE BUFFERED BULK CALLS (DTRCOS, rene DESIRED? 
a . ; YES" oc NO 
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ov 


% 


| SYSTEM PARAMETERS (ALL EQL's must have an assigned value.) _ 


9, NUMBER OF ON-LINE PERIPHERAL DEVICES 
Peripheral devices are typewriters, printers, card readers, 
card punches, paper tape punches, magnetic tapes, etc. 
EACH ne DEVICE REQUERES TWO DEVICE NUMBERS, 


9 ernscconaaatetar 


10, STACKING TABLES, one per each peripheral device number. 

| One stacking table is required for each peripheral device (printer, _ 
magnetic tape, typewriter, or punch). The size of each stacking 
table must be a power of two (F,). The number of requests in each 
stacking table represents the number of concurrent. outputs that 
can be requested on a peripheral. Each request requires four entries, 
The actual size of the stacking table is equal to Fy. For four 
concurrent requests’ on Device 2, the stacking table must have 
sixteen locations, The following peripherals (input) require no 
stacking tables: (Assign zero for these BOESDARESAED 


cara: Readers 
Paper Tape Readers 
Keyboard Input 


Recommended sizes for’ the. (other stacking tables are; 


11, PROGRAM NUMBERS . 
Output Program 
Scan Offset Program 
Input Program 
Corrective Action Program 


ide ia Typer Operator eee 
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- Paper Tape or Card Punches - 8 


Printers - 3 .. 46 
1/0 Typers ae = 16 

_ Output Typers tog a 16 or aD 
Magnetic Tapes ns: a 
Data Edit Displays . — 8 


Pej he prep ep eyed eye ep epee ey yt 


Library File No. 


Programmer's Name 


Date 


| SYMBOL 


WOnNA UP WwW NE OS 


~~ 
=) 


13 


tr} 


EQL 


oe 


SYSTEM PARAMETERS (ALL EQL's must have an assigned value.) _ 


* 112, 


13. 


14. 


FREE-TIME SYSTEM Is Free-Time System desired? YES NO 


Seeomiasteeet 


If so, refer to the Free-Time System checksheet. 


SIZE OF SYSTEM INITIALIZATION 


Do not include Monitor initialization area. 


De eardas OF 50 OR 60-CYCLE PULSES IN ONE TIME COUNT INTERVAL 


This EQL defines the length of the time count interval for 
the system, The system time may be kept in seconds, 
multiples of seconds, or fractions of seconds, For 
example, in a 60-cycle system a time count interval of 
‘1/4 seconds, NCYCLE would be fifteen, NCYCLE would be 


_ sixty for a pies eecene interval. 


A. 
B. 


OUTPUT PROGRAM INFORMATION — 


‘programs within your system which have ‘single 


brads 50. or a GOxoE LE Pulse = Required 2S 60-CYCLE —— 


Number of floating data Por 


“Drum - disc address of floating area: or core “address on ai ineoee 


systems. 
Sizes of floating: data areas (Multiple of 64) 
Number, of data area (Multiple of 24) 


OPTIONS ©. i ee ; 
REGISTER POINTER TABLE 4 4 Be YES . 
Check this option if there are - . . NO 


word register storage or 8-word shared register 


PROTeES Sy, 
PRIORITY TABLE OPTION : — YES 
Lf program priority changing is NO 


desired, this table must be included in 


your Monitor. 


DOES YOUR SYSTEM HAVE FIXED WORKING | , 7 
CORE AREAS? 3 oe YES *.. NO 
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‘Library File No. 
Programmer's Name 
Date 


t, 
RTT ONE I, 


FTX 


SINZTL 


NCYCLE 


-DTANMB 


DTFBSE 
DTFSZE 
DIQTAL 


SYMBOL VALUE 


= ‘— 
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- se 


tiust have an assigned value.) 


SYSTEM PARAMETERS (ALL EQL's 


* 117. TURN PROGRAM ON SUBROUTINE CALL © YES 
This optional call, TPNCO3;. NO 
specifies which program is to run next, 
18, UNOCCUPIED, AVAILABLE OPTION FOR SET PROGRAM DELAY SUBROUTINE 
DELCO2 Call YES _ NO 
* 119, CORRECTIVE ACTION DIAGNOSTIC PROGRAM a 
A, Priority Number of Device for Operator Messages 
B. Should corrective action messages be printed in red? -YES 
C, Is special Multiple Output corrective action required? 
YES 
Note: . If special action is required, define your system needs. 
20, . OUTPUT PAGE CONTROL 


tke : F : ; 
Is the Page Control Option desired id eeineing devices? YES 
Lf eo furnish: 


Device Priority “Lines per | ines to Top 
Number Page © of Next Page 


The tines per page is saeueuy 50; Mines: to ene. Eep of the next page is. 


usually ‘10, 


* 
—_ 
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** Added 1/67 
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Sogn 


i 


Library File No, ess 
Programmer's Name 
Date 


SYMBOL, 7 VALUE 


DIYPER 


~LQ- 


LL 
HN 


Library File No, 
Programmer's Name 
Date 


| SYSTEM PARAMETERS (All EQL's must have an assigned value) _ 
* | 21, DEVICE CODES - Local and Remote ; 


If Local, 
P.B,. fWardware 


Tf input _ 


device,give | Address, Alternate 

Monitor R=REMOTE Device associated If Remote, 18-Character Device FORTRAN 
Priority | L=LOCAL Type | program C.C, Hardware Device Name SUBMONITOR 

Number @ Address, for CAD #2 NUMBER 
Pacettee dd a 
Seana Ran ee Oe 
aes 

eed, 


eer epee Were, Weeere nae 
aah See erin, Sakata DI nee 
SSS SS 
tee steal ee Shoe 
Sn SM eh Sel Soma 
[$$$ 
oe ae eee, 
c Examples: 1/0 Typer = I/O Card Punch = CP 
Paper Tape Punch = PTP Keyboard Send/Receive Teletypewriter: = KSR 
Card Reader = CR Automatic Send/Receive Teletypewriter = ASR 
Paper Tape Reader = PTR Receive Only Teletypewriter - = RO 
Fixed Carriage Long Carriage Typer = LC 
Output = OP -~ * 


| @@; This is the program which will be turned on if the ‘Input Demand/Break Key is pressed, 
is associated with the Input Demand/Break Key, place an N/A for the device. 
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If no program 


~ 22 


ens as 


SYSTEM PARAMETERS (ALL EQL's must have an assigned value.) 
21. DEVICE CODES - Local and Remote _- Contd 
Priority levels must be established for each peripheral device, 
Devices which must be activated as soon as possible upon request 
are placed in the highest eiioriey: Each I/O requires two con- 
secutive priority numbers with output first, The 18-character 


device name is used for alarming. 


Lf. the FORTRAN Submonitor is used in the system, Fill in its 
device number. FORTRAN peripherals are divided into three 
categories: Input, Printing, and Punching Peripherals, Each — 


category begins with Device Number 0, 
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Library File No. __ cc 


Programmer's Name 
Date 


SYMBOL EQL _ VALUE_ 
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SYSTEM OPTIONS 


Ll. ON-LINE COMPUTER OPERATOR SUBSYSTEM 
a, Device Priority Number of Input Devices which may communicate 
with the subsystem and their output devices. The following 
programs may be called using the Computer Operator Subsystem: 


SE, b. Number of Program Priority Numbers to be controlled by the 


Operator Executive. A 
._.¢,. Number of programs to be run as $PR programs 


A, Octal Memory Change ~ changes and/or documents memory. 
Check if punch option required. 


B. Binary Loader - enters new programs or data 
C. Binary Dump - punches memory contents, 


D. Printed Dump - Prints memory contents. . 


E. Clock = resets the system time and calendar and updates the 


* program execution times and auxiliary time counters. Check 


if the calendar option required, 


EF. Program Status °- On/Of£/Lockout o, 
initiates, stops or locks out the execution of functional 
oo, pROgr SIE under MONITOR control. 


Gs Peripheral In/Out of Service - removes peripheral devices 
from services or restores failed or SUES OEE EU tee: peripherals 
to service, q 
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Library File No, 
Programmer's Name 
Date 


SYMBOL VALUE, 


Library File No, . 
Programmer's Name. 
eae Date 


emepererenncnnansnnenvepseelorseinacebitesieti sinensis Cesena ISON Sets 


| _SYSTEM OPTIONS = CHECK | SYMBOL EQL ___VALUE | 


* 2. AUXILTARY TIME COUNTERS (Number of Auxiliary Time Counters) C EQL 
This option must be chosen if there are functional programs 

in the system which initiate themselves at regular time 

intervals and are also initiated by system or operator 

demands. The regular time interval should be saved in 

an auxiliary time counter, 


8 3, FLOATING POINT OUTPUT 
Select this option for making calculations in floating-point 
and converting to decimal fixed point or to code in FORTRAN, 


4, .BINARY E TYPE FLOATING POINT OUTPUT 
. Select this option for converting binary floating 
point data to decimal floating point. 


De DECIMAL FIXED ~POINT OUTPUT 
This option converts binary data to Piped onetae decimal 
‘format for output, 


-06- 


6. OCTAL OUTPUT | 
This ‘option must be used to output data in : octal pila 


anemone 


7. ALPHA-NUMERIC CHARACTER OUTPUT (8-Bit BOD) 
. .  I£ alphanumeric messages are required using 8-Bit BCD data 
(three or one character (s) per word), this option must be 
checked, 
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Library File No. 


Programmer's Name 


Date 
__ VALUE | 


SYSTEM OPTIONS CHECK | SYMBOL 
8, BINARY CHARACTER OUTPUT . - © - - 


9, TIME OUTPUT 
and minutes or hours, minutes and seconds in decimal. 


Select this option to convert system time counts to hours 


‘LO. 4-BIT BCD OUTPUT ; 
This option converts binary data to four-bit BCD information. 


-T6~ 


A es 


Library File No, 
Programmer's Name 
Date 


eck TER ICI CA EER EE EE ROE OSE ATES TTES 
a A SSID IRE FAO PP TS TEENY i OR NRO EER, 


* | SYSTEM OPTIONS 
| 11. MULTIPLE OUTPUT DISTRIBUTOR 


PNDTSi 


NPDTSi 


MQD Controller Class L=LOCAL NNDTS i PPDTSi 
Index No, R=REMOTE NORMAL /TIMED NORMAL/TIMED Pulsed Pulsed Priority 
@ ~ Non-Priority Priority Non-Priority Driver Table 
Driver Table Driver Table Driver Table Size 
a eae aaa 
sens aera Soe 
| 1 
| 2 eee 
. 3 
| 6 eens 
a eee 


@ Example of Class Index Number: 


Four local and two remote M@D controllers will have Index Numbers 0-5. 
' These index numbers are the system programs' link or identification with the correct MpD. 
@e NORMAL /TIMED Driver Tables require two locations for each request, 


| @Q@ Pulsed Driver Tables require four locations for each request. 
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| SYSTEM OPTIONS _ 


Library File No, 
Programmer's Name 


‘amr NERC SEL SONIC AEE RIS AEE 


@@@ Each Timer Request requires three locations in-a table. 


Maximum number of timers = 24 per controller 
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* | 4lJ MULTIPLE OULPUT DISTRIBUTOR - Contd _ Dare 
List the Groups for each M@D that will have a current status word; 
Mé@D Controller . 
Index No, _ Group Numbers 
IF LOCAL 
M@D Controller MOD i. MODGPi PULOCL TMLOCi TMNBRi 
Class Index llardware Address; Total No, Pulsed DMT Timer DMT Maximum No, of 
No, T£ Local, of Groups | Interrupt Location Interrupt Location] Concurrent Timed 
; M@ZD Controller. Requests Being 
If Remote, Processed 


de 
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_SYSTEM OPTIONS | a oe : Library File No, 
12. TIMED CONTACT OUTPUT 


Programmer's Name 


Size of 
Driver Table 


Bi Local, 


Number of 


Controller Address. Ga 
TC% Controller’| R=REMOTE | TC@ Groups Lf Remote, a 
Class Index @ | L=LOCAL On Controller} C.C, Hardware Address. Priority 


Number O 


“Number 1 


° 


LRO2T E 

CCc02T 

AQ2T 
TPNPO2. 
TONS 02 
TOPPO2 
TOPSO2 
LRO3T  EQL 
CCO3T , 

AO3T 
TONPO3 
TONS 03 
TOPPO3 
“2 PAT e Gre ee eee eR 2a ss . , TOPS O3 
(@ These class index numbers are the system ones link or identification with the correct TCQ, 

Example of TC$ Index Numbers: 
Four local and two remote TCP Controlies se will have index class Tuners 0-5. 


“Number 2-— 


Number 3 


j Fe 
| @@2 Each TC# request requires two locations in a Driver Table, 


% Revised 1/67 


“So 


SYSTEM OPTIONS Library File No, leg ae 
12, TIMED CONTACT OUTPUT ~ Contd Programmer's Name | Date ee 


: 7 Size of 
care If Local, Driver Table For Use i 3 
Number of Controller Address, @a by. caf 
TC Controller | R=REMOTE | TC@ Groups Lf Remote, | Library Only ao 
Class Index @ {| L=LOCAL On Controller} C.C. Hardware Address, Priority ie vi, 


LRO4T 
CCO4T 
AO4T 
TPNPO4 
TONS O04 
TOPPO4 


Number 4 


LROST : 
 CCOST. oe et aS 
' AOST | ae 
TONPOS 


Number 5 


TONS O5 ° 
TAPPOS 


“Number 6 


Number 7 


“@ These class index numbers are the system programs’ link or identification with the correct TCO, =" 
Example of TC@ Index Number: 
Four local and two remote TC@ Controllers will have index class numbers 0-5, 


en 


@@ Each TC¢ request requires two locations in a Driver Table, 
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“SYSTEM OPTIONS 
13, ANALOG SCANNER 


Scanner | R=REMOTE If Local, Controller Size of 
Class L=LOCAL Type -3 API Group Mode Address. Driver Table 
Index or 1 API of Hardware Tf Remote- @Ga 

@ C.C. Hardware 


Number 2 


Taber TT 


XN 


Amplifier | If Local, 


Cae 


@ These class index numbers .are the system programs ' 


Example of Scanner Index Number: 


Programmer's Name 


Library File No, 


Tf Local- 


Address, 


Priorit 
NAS 


Link -or identification with the correct scanner, 


Four local and two remote analog scanners will have Index Class iabevs 0- 5.) 


@2 One API Scanning allows a priority scan to interrupt a normal scan in progress, 
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mcGg Each analog request requires one location in a Driver Table. 


“Le 


SYSTEM OPTIONS 
1 ANALOG SCANNER - contd 


Library File No, 


3 Programmer's Name 


a 


Date 


\ 


R=REMOTE 


Lf Local- 


If Local, 


Scanner Amplifier tf Local, Controller “Size of For Use 

Class L=LOCAL Type 3 API - Group Mode Address. Driver Table by. 

Index or 1 APT of Hardware T£ Remote- aaa Library Only 
@ C.C, Hardware — : 


| Address. Priority | Normal |} 


“Number 3 
Nunber 4. 


[Number 5 


@ These class index numbers are the system srovrans’ link or identification with the correct een e te: 
Example of Scanner Index Number: . vy 
Four local and two remote analog scanners will have index Class Nubers O=5. 2 
@@ One API Scanning allows a priority scan. to interrupt a normal scan in progress, 


@@@ Each analog request requires one location in a Driver Table, 
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| SYSTEM OPTIONS 


| | | Library File No, 
* | 13. ANALOG SCANNER = Contd | | 2 Programmer's Name Date 
| , Tf Local~ 
| Scanner |R=REMOTE | Amplifier | If Local, If Local, Controller Size of For Use 
Class L=LOCAL Type 3 API ‘Group Mode -°j Address . Driver Table by 
Index or 1 API of Hardware If Remote- 
@ 


Library Only 


(xa C.C. Hardware 


Number 6 


* 


@ These class ides eee oe are the system programs! Link Or identification with the correct scanner, 
Example of Scanner Index Number: : 


Four local and two remote analog scanners will have Index Class Numbers 0-5, 


~Q6- 


@a ite APL Scanning allows a priority scan to interrupt a ‘oni scan in eee 


aoe Each analog request requires one location ina Driver Table, 
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dearranta 


1, 


6. 
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SYSTEM OPTIONS 
*® 13, ANALOG SCANNER ~ contd 


Options apply to all scanners in the system 


Library File No. 
Programmer's Name 


mages Date 


Options: Add the Reference Block Temperature for thermocouples, 
YES NO 


Store time of day as the last word of the Count Table. 
, YES NO 


Gain Optimization (used only for a single-channel single APL Scanner) 
YES NO 


* 


'. Is, buffered scanning desired?. < . YES | NO 
‘Buffered requests permit a functional program 
to process one set of count values while the ; 
Driver is scanning another set. 
‘What is the maximum number of analog scan requests that can be SNPRAG 
stacked at one time? TOTISCN 


This can be a maximum of 24 and never needs to be more than the 
number of system programs that can request analog scanning 
because a program can only request one scan at a time, 


\ monte: Rhee One ePngeS 


Is priority scanning required? YES NO 


Yor Use by Library Onl 
rr oe errr rete cereerieerenirceatiprestngeenenoenreanaratantenaneosanayestapeensteneiaserns-mteyeentean manatees 


% 
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SYSTEM OPTIONS 
14, FORTRAN SUBMONITOR 
Check this option to communicate to MONTTOR through 
FORTRAN, Check the desired options: 
Input : 
a. Decimal to Binary 
b, Alphanumeric 
c,. Octal 
OuEpue 
a, Printed - 
b, Punched 
1/0 Availability 
Drum Read/Write 
‘Subroutine Linkage 
Computed GO TO 


Assigned GO TO : 
If the free-time system is required, all opticns must be 


tne tce’ 


15, INTERRUPTABLE SYSTEM SUBROUTINES 
If there are subroutines within the system which 
must run with interrupt permitted (due to length) 
and are,used by more than one functional program, 
‘  . they must follow special entry and exit conventions. 
When this is the case, this option must be selected, . 


‘* Revised 1/67 


Library File No. 
Programmer's Name 
Date 


SYMBOL VALUE |, 


Library File No, 
Programmer's Name 


¢ 


ea Date 
SYSTEM OPTIONS 
ROG, | NAME # WORDS SAVE # worps oF | @ (¢) @ (d) CHECK IF 
RIORLI- OF |STATUS AREA | SAVE STATUS REG, | ITC & DTD | PROGRAM 
'Y NO, PROG, ADDRESS AREA STORAGE | INTERRUPT | RESIDE IN 
oe RETURN PERM, CORE@ 
. —_ 
2 2 oe ee ae 
; a 
. a ee 


@ Place a checkmark (\~“) in the corresponding column marked with an "@" sign if: 


a) Area status is available 
b) Save status is required 
-c) 8-word register storage is: required 
ad) Interrupt Time Counter and Drum/Dise Transfer Complete Interrupts return to ECP, 
@@ Applies to Drum/Dise Systéms, Insert starting core address in the drum/dise address column for 
these programs. : 


svised 1/67 


Library File No, 
Programmer's Name 
' Date 


eee eeemirrnamanmnsoton append eM CRANES AOA OEE pe ATT 


‘REMOTE SCANNER 
* 1. -REMOTE SCANNER PACKAGE 


CENTRAL ; 
PROCESSOR 4306 COMMUNICATIONS COUPLER (C.C.) 


UNIT 


; _ | REMOTE SCANNER CONTROLLER | (maximum 4) 
4307 4307 - 
eee 
| Ne eee 
REMOTE CONTROLLER MODULES | (maximum 5) . 


2. Model 4100 Analog Input Controller and ~ 


Only one of each module 4130 A/D Converter 
will be allowed for each b. Model 4400 Digital Input Controller 


‘Remote Scanner Controller | ‘¢. Model 4300 Multiple Output Controller 
d. Model 4302 Timed Output Controller 
e. Model 4201B Peripheral Buffer 


‘Devices Allowed on Peripheral Buffer Module: 


‘1) Fixed Carriage Output Typer, Model No, 42218. 
2) Long Carriage Output Typer, Model No. 42238. 
3) 1/0 Typer (one per P.B.), Model No, 42708. 

4) Paper Tape Punch, Model No. 42534, 

5)- Card Reader (70 CPM), Model No. 4240B. 

6) Paper Tape Reader, Model No, 42138. 

7) Teletypevriter,. Model No, 4233A. 


All modules have class index numbers. This relates the controller or 

buffer to other controllers or buffers of the same type. These index numbers 
are the system programs.’ link or identification with the correct controller 
or buffer. 


Example: Two local and three remote analog scanners will have Class Index 
Numbers 0-4 in the analog scan section of the Monitor checklist. 


A further explanation of the terms Band: in the checklist is given in the 
following program writeups: 


YPEA7KX - Remote Scanner Driver (RSD41) 
YPTS6X - Analog Scan Request (SCR45) © 
YPED5X - Multiple Output Request (M@R46) 
YPED6X - Timed Output Request (TCO42) 

YPEA6X - Remote Digital Input Request (RDS41) | 
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; Library File No. 
| REMOTE SCANNER . Programmer's Name -  .- “+ Date 
*} 1. REMOTE SCANNER PACKAGE - contd 


Communications Coupler Index Number @ 
.Hardware Address 
Number of Remote Scanners on this Coiminieaetona Coupler 


For Use By ' 
Library Only 


Class Index 
Number of 


| Priority of Module ; 
On This Remote Scanner 


Conmuatest ior Coupler i Address L3 Module 

# 0 Polling ; CC-POO 8 =EQL 

1 Polling | O01 

2 Polling 02 

3 Polling = 03 

4 04 

> 05 

| 6 06 

7 07 

3 08 

9 -O9 

10 10 

Ll 11 

12 12 

13 13 

14 14 

15 15 

16 16 

: 17 17 

18 18 

19 19 

20 20 

21 21 

22 ; 22 

23 : as 


@ Every Communications Coupler must be seeteusacs an aa number in relationship 
to the other Communications Couplers. 


Example: If there are three Communications ceuptens ina system their Index 
Numbers will be 0, 1 and 2. , a 


A copy of this page is required for each Communications Coupler in the System, 


@@ Types of modules on a Communications Coupler are: 


1. Polling (digital input) 4. TCO .. 
2. Analog Scanner 5. Peripheral Buffer 
3. MO 7 6. Digital Scanner 


List all the modules on this Communications Coupler in priority order you 
would like to have them serviced. The Remote Scanner number has no bearing 
in determining this priority. | = 


The class index number of pon iene: is the same as Digital Input of the same 
Remote Scanner. 
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Library File No. 
Programmer's Name 
Date 
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* |REMOTE SCANNER 


1. REMOTE SCANNER PACKAGE - contd - se For Use By 
Library Only 
Does system have Change Detection? 
YES NO 


What is program number of Change Detection? 


At what interval is Polling required? 
(suggest one second) 


Polling time must be in multiples of. 
system time. 


Minimum polling time one-half second 
system = one second. 


Minimum polling time one-quarter second 
system = one-half second. 


Maximum System Time = 4% Second 
At what interval is remote Module back-in 


service initialization required? 


Minimum Initialization Time = one minute 


id 


(must be in multiples of one minute) 


Program Number of Remote Corrective Action. 
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. | Liprary r1ie No, 
* | REMCTE SCANNER _ Programmer's Name Date 
2, REMOTE DIGITAL SCANNER | 
Size of 


Class Index Communications Coupler Scanner Driver Table 
@ Hardware Address a 


For Use By 


Library Only 


CCOOD) =EQL_ 
AOOD 
DNNS OO 
DNNPOO 
coO1ID) = =EQL 
AO1D 
DNNSO1 
DNNPOL 
Number : ~~ CCO2D —«EQL 
| AO2D 
“DNNS 02 
DNNPO2 
CcO3D) CO EQL 
~ A031 | 
DNNS 03 
| .  DNNPOS 
Number 4 CCO4D 
AOA4D 
DNNS 04 
DNNPO4. 
CCO5D = =EQL 


Number 0 | | 7 _ | 


~SOT-_ 


CCO6D-EQL 


Number tat CcO7D)=—s- EQL 


@. Class Index Number is for Remote Digital Scanners only. 
@@ Rach digital request requires two locations in a Driver Table. 
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Library File No. 
: Programmer's Name 
wv Date 


- 20 


* | REMOTE SCANNER 
3, REMOTE PERIPHERAL BUFFERS =. - 


Mtr. Priority 
Numbers of Devices on This P. B, 


Communications Coupler 
Hardware Address _ 


’ Class Tndex 


@ 


peschegent 


Number Q 
| Number 1 


soar T mo - aaa 
Number ¥ 


. @ Glass Index Number: is for Remote Peripheral Buffers only. 
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APPENDIX E 


For a.more detailed discussion of Pseudo-Op subroutines, refer to the 
appropriate Monitor Manual section shown opposite each mmemonic. See 
Appendix C of Process Assembler Language Manual for additional informa- 
tion relative to Audit Codes. — 


Section/Page _ 


Reference 


BES 
ui £ G 


o 


Md fet Rt pet ped et bed et it 
e e 
W WwW Wo fe pe 


ous 
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Pseudo~Op 
BCD “*DEF 
BCN *DEF 
CLK *DEF 
DEL *DEF 
DFE *DEF 
DFP -*DEF 
DFX  *DEF 
FBB *DEF 
FOR *DEF 
INF *DEF 
@CT *DEF 
@UF *DEF 
PRG *DEF 
ZE *DEF 


- 


/40000000, 
/50000000 , 
/60000000, 
/00000000 , 
/10000000, 
/00000000, 
/20000000, 
/70000000 
/00000000, 
/00000000, 
/30000000 , 
/00000000, 
/00000000 , 
/00000000 , 


Assigned Monitor Audit Codes 


*DEF 
*DEF 
*DEF 
*DEF 
*DEF 
*DEF 
*DEF 
*DEP 
*DEF 
*DEF 
*DEF 
*DEF 
*DEF 
*DEF 
*DEF 
*DEF 
*DEF 
*DEF 


Fis 18 
/1, 16 
IITs A5 
P3137 
/37, 2 
/777, 12 
tis 70 
Vig 
fig 2 
fit: 3 
eo eee 

5 es 
fits 12 
[375 16 
fig 19 
[375 14 
fis Lo 
[37% '5 


63, 
30 

63, 
16, 
63, 
63, 
63, 
63, 
Qi 
63, 
38, 
63, 
63, 
63, 
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16, 


325.31 
89... 330- (Bi 
Cyne 
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SUBJECT: QUESTIONS AND ANSWERS CONCERNING YPG53M _- 4020 MONITOR MANUAL (PRELIMINARY) 


April 28, 1967 


The following questions, concerned with the Real-Time Multiprogramming Operating 
System found in YPG53M, have been submitted and are answered herin for the purpose 
of clarifying portions of that document. 


1. Page 2, Section B 
QUESTION: The "R" bit is specified as "zero" for both drum-core and ali- 
core systems - explain. 


ANSWER: The "R' bit explaination should read: 


R= 1: Absolute Permanent Core Location 
0: Relative Address 
For an all-core system, "R" is always "zero", 
2. Page 2, Section B 


QUESTION; Where is the condition of the FMS bit stored where a program 
is interrupted? 


ANSWER: If single-double or double only for a program, the program 
must have full register storage. 


On p. 3, in the REGSTG Table, Bit 23 of the P-REG is 0 for 
single or 1 for double. 


For drivers that go back to program immediately, Bit 23 of 
I-Block plus 2 is the indicator: Where I-Block is the same as 
First 8-Word Register Storage Block (ECP). 

3. Page 9, Section 1.3 


QUESTION: In what condition does the @FFCOl subroutine leave the program's 
area? 


ANSWER: Occupied, but available. 
4. Page 10-11, Section 1.5 


A. QUESTION: If the TPNCO2 call is used and the program to be turned on is 
in delay, what happens? 


ANSWER ; Return is made to the program with a -l in the A-Register. 


B. QUESTION: Is the request ignored? 


ANSWER: Yes. 
C. QUESTION: If ignored, is there any indication given that the request was 
ignored? 
ANSWER: Yes, in the A-Register upon return. 


wie 


fe 


Page li 


QUESTION: If TPNCO3 call is used to turn on a program that is currently 
in core, is that program entered immediately, without regard 
to a higher priority request? 


ANSWER: The next time ECP is entered, it goes immediately to that 
program, without regard to priority. (Only one TPNCO3 cail 
is allowed at a time.) 

Page ll 


A. QUESTION: If a TPNCO3 call is used to turn on a program that is not 
currently in core, is the request for its transfer serviced 
immediately or is this request simply entered at the bottom 
of the transfer request list? 


ANSWER: The request is serviced immediately; the transfer goes to the 
bottom of the list similar to all other bulk transfer requests. 


B. QUESTION: When the transfer of the program is completed, is the program 
entered immediately, without regard to priority? 


ANSWER: Yes. 


Page 13, Section 1.7 


QUESTION: Does the DTRCO2 set the calling program's area unavailable 
until the transfer is complete? 


ANSWER: The area is not changed. 


Page 14, Section 1.10 
QUESTION: Is the index to the first 3-word group a "0"? 
ANSWER: Yes, 


Page 15, Section 1.11 
A. QUESTION: Is there any limit to the size of a fixed data area? 
ANSWER: There is no limit. 


B. QUESTION: Must the address of a fixed area be pre-defined to the 
operating system? 


ANSWER: No. 


10. 


ll. 


12. 
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14. 


Page 16, Section 1.11 


A. QUESTION: When using floating data tags, is it always necessary to 
transfer the data to the area associated with that tag before 
requesting output? 


ANSWER: 1) In an all-core system, the floating data is a core 
address. 
a. Find the area 
b. Enter the data 


2) In a bulk-core system: 
a. Build either before or after making check 
b. Find data area before transfer 
c. Bulk-transfer the data 


B. QUESTION: Is it possible to simply check for a floating tag and request 
output from some other area - a data area in core, for instance? 


ANSWER: Yes, but not recommended. 


Page 19, Section 1.12 


QUESTION: If a request is made to output information, formatted BCD, 
to a card punch, in the symbolic mode, will the output 
routine perform the ASCII to 80-column card conversion? 


ANSWER: Yes. (If already 24-bit binary, use BCN.) 


Page 28, Section C 


QUESTION: Is there any procedure that can be followed to output numbers 
with negative scale factors? 


ANSWER: Floating-point may be used. 


Page 32, Section 1.14.4 


QUESTION: What is the format for the binary cards produced by the 
output routine? 


ANSWER: Bits 23-12 represent the odd columns; 
Bits 11-0 represent the even columns. 
Page 37, Section 1.15 


A. QUESTION: Does the location ahead of the input list control word always 
contain the number of characters read, regardless of how 
they were packed? 


ANSWER: Always the number of characters read on normal return or 
error returns with data error. 


B. QUESTION: Does this refer to the numbers of characters before or after 
editing? 


ANSWER: This is the number of characters after editing. 


LD; 
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Page 41, Section 1.15.3 


QUESTION: What action does the input program take when more than the 
specified number of characters have been entered? (Assume 
the input list is large enough to receive all the characters.) 


ANSWER; Assume a request for Device Number 4 indicates that 30 
characters are to be inputted through the keyboard into 
buffer KEYIN,. If less than or 30 characters are accepted, 
this is reflected in the “number of words" found in the 
A-Register upon return to the requesting program's Normal 
Return. If more than 30 characters are entered, return is 
to the INRCO2 call Error Return. If keyboard input, it is 
either "Time Abort" or "Overflow Error". 


Page 41, Section 1.15 


A. QUESTION: On a normal return from an INRCO2 call, the A-Register 
contains a count of the "number of words". Is this the 
number of words occupied by the input message before or 
after editing? 


ANSWER : After editing. (The number of words including partial words 
after editing.) 


B. QUESTION: Are partially occupied words included in this count? 
ANSWER: Yes. (Partially filled words are left-justified with zero's 
on the right end.) 
Page 38, Section 1.15 


QUESTION: Does the input routine edit information received from symbolic 
paper tape? 


ANSWER : No, it just edits out ETX codes, 


Page 51, Section 1.18 


A. QUESTION: If, in a timed output request (M@RCO3), a "O" in the A-Register 
leaves a contact "unchanged", what is the status word used for? 


ANSWER: "Bits 23-8 - Data"' should state: 


1 = Contact to be latched 
0 = Contact to remain unchanged or unlatched when no status 


B. QUESTION: Is the status word affected by an M@RCO3 request? 


ANSWER : The status word is updated when the group requested has status. 


ahs 
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Page 51, Section 1.18 


A, QUESTION: When aborting a timed output (M@RCO3) request with an M@RCOS5 
request, what information should be placed in the A and 
Q-Registers? 


ANSWER: The same contents of the A and Q-Registers in the M@RCO3. 
B. QUESTION: Can a single contact involved in a timed request be aborted? 
ANSWER: No, 


Page 51, Section 1.18 


QUESTION: If a delayed return from the M@RCO3 routine is chosen, will 
control be returned to the calling program immediately, after 
the relays have been operated, or after the time count has 
expired? 


ANSWER: It returns after the time count has expired. 


B. QUESTION: Does the M@RCO3 affect the status of the calling program's 
area when the delayed return option is selected? 


ANSWER: It doesn't touch the area. 


Page 52, Section 1.18 


QUESTION: In a pulsed output request (M@RCO7), will a "O" in the A-Reg- 
ister cause a currently closed relay to be opened? 


ANSWER: A zero means no action to be taken, 


Page 53, Section 1.18 


QUESTION: What is the duration of a pulse put out through the M@RCO7 
routine? 


ANSWER: It is hardware defined - time base. (Greater than one 
cycle) 
Page 53, Section 1.18 
QUESTION: Can a pulsed output (M@RCO7) request be aborted? 
ANSWER : No. 


Page 53, Section 1.18 


QUESTION: Does the M@RCO7 routine affect the area occupied by the 
calling program when the delayed return is chosen? 


ANSWER: It doesn't change the area status. 


25. Page 56, Section 1.20 


QUESTION: Does the non-buffered scan routine affect the area occupied by 
the calling program? 


ANSWER: It doesn't touch the area, 


26. Page 59, Section 1.20 


QUESTION; In the single input scan mode, when is the 10 code used in 
Bits 19 and 18 of the control word and when is the O00 code 
used? 


ANSWER: Only Bit 18 must be zero. (Hardware defined) Bit 19 is 
ignored, 
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DCW - 
IDN - 
LIB - 
BSS - 
CON - 
DCN - 
GEN - 
EQL - 
DEF - 
SLW - 
END - 


Origin/Core Starting Address 
Drum/Bulk Starting Address 
Identify Library Subroutine 
Call Library Subroutine 
Block Storage Reservation 
Constant 

Double Word Constant 
Generate Duplicates 

Assign A Symbolic Equivalence 
Define A New Operation 

Slew Printer Page 

End of Program 


Monitor Pseudo-Ops 
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INTRODUCTION 


This manual defines the standard Process Assembler Language 
(PAL) for the GE/PAC* 4000 Process Computer System using the 
American Standard Code for Information Interchange (ASCII). 
This discussion of PAL is directed toward the programmer 
familiar with GE/PAC programming concepts and techniques at 
the assembly language level. It does, however, include 
examples and references useful to the less experienced 
programmer. 


First, the statement format is defined and PAL techniques 
are discussed. The pseudo-operations are then outlined and 
defined followed by assembly preparation and loading techniques. 


* Registered Trademark of the General Electric Company 
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1.1 


Lez 


1.3 


STATEMENT FORMAT 


Assembly program input information is written on the "GE/PAC Language 
Statement Coding Form'' (Figure 1). Each line on the coding form represents 
one instruction to the assembler, The coding form is comprised of four fields: 


1. Location Field 

2. Op Code Field 

3. Operand Field 

4. Identification Field 


LOCATION FIELD - Columns 1 through 6 


The location field is used to associate a name with the instruction or 
data written on the same line. Any reference to the instruction may be 
made by that name. Names used in the location field must consist of six 
or fewer alphanumeric characters; the first of which must be alphabetic 
and start in column one. A decimal point is considered as an alphabetic 
character in this context. 


OP CODE FIELD - Columns 8 through 10 


This field contains a two or three-character operation code which identifies 
the instruction to be executed. The legal operations consist of the pseudo 
operations described in Section 2 and the machine operations outlined in 
Appendix D. 


OPERAND FIELD - Columns 12 through 69 


The operand field may contain a combination of parameters. When evaluated, 
the parameters define the operand or operands required by the operation code. 
The following four basic parameter types are permitted in this field: 


Label - A name composed of six or fewer alphanumeric characters; the 
first of which must be alphabetic. Any such symbolic parametér 
corresponds to a name written in the location field of some 
instruction. 


Decimal - A decimal integer value 


Octal - An octal integer value, preceded by a slash (/) 


Present 
Location )An asterisk (*), which represents the address of this 
instruction's present memory location 


Examples of the four parameter types follow: 


rafoaa] 5] oo| v7 of 20] 2 2a]za 22 0] 27] al 00] 4 24 7F 
ett | 

Labe 1 QP rT TT I a 
| | 

PT | 

PT | 

EB i 

Decimal Baia ra 
SERan i 

Hall | 

Baa | 

aan a 

ita i : 
aul a 

Present Location HH H 
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GE/PAC* 


GENERAL Gp ELECTRIC 
PROCESS COMPUTER BUSINESS SECTION 


CODING FORM 
PHOENIX, ARIZONA 


LOCATION _# OP CODE OPERAND 
Pfaff laff ii of fe a 
HE ft SRRERRSR RARER RARER 


PC S11 (4-66) #REG TRADEMARK OF THE GENERAL ELECTRIC COMPANY 


LANGUAGE STATEMENT 


PROCESSOR _KEYS 
O-DELETE 


Figure 1 - GE/PAC CODING FORM 


Single Operands 


A single operand value may be composed of one or a combination of the four 


parameter types listed on page one. 
following operators: 


+ add 
- subtract 


* multiply 
/ divide 


These parameters are combined using the 


Examples of parameter combinations which form a single operand are illustrated 


below: 


Single operand as a combination 
of a symbolic and decimal or 
octal 


HERE 
BaSA4E 
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Combinations with * 
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Multiplication and division i 
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Fe 
1 


All four parameters combined 
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The parameters in the preceding examples are combined strictly from left to 


right. Ordinary precedence rules apply. 
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1.4 


The meaning of asterisk or slash depends upon its relationship to the 
remaining parameters. For example, an asterisk represents multiplication 
only if it is connecting two parameters. In all other cases, it represents 
present location. The slash indicates an octal value when it precedes a 
numeric parameter; otherwise it is a division sign. 


Most assembly language statements in any problem involve only simple operand 
combinations. Rarely will the multiplication or division capabilities be used. 
It is important to understand that the combinations of parameters in the operand 
field, simple or complex, involve the value (usually the location) of the 
symbol; not the contents of the location referenced. 


Multiple Operands 


Many computer instructions require more than one operand value. Most memory 
addressing instructions, for example, may have two operands; one to specify 
an index register and a second to specify the memory address. Multiple 
operands are desirable in many other occasions. When more than one operand 
is required, the comma (,) is used to separate them. 


Examples of two-operand instructions are presented in the following: 


fafa us felo7 afr 0] an] zal2afzelag 
TARet eto satrititt 
ate HH 


The first blank space in the operand field terminates the instruction. 
Characters appearing after the first blank space are treated as comments. 


IDENTIFICATION FIELD - Columns 70 through 80 


The last eleven columns are reserved for the identification of each line 
of coding, being used in some assembly systems, for proper maintenance of 
the symbolic information. 


Information in this field also permits assemblers to differentiate between 
various languages the programmer has used. The use of this field may vary. 
The documentation for the various assemblers or other language processing 
systems describes its use. 


PSEUDO-OPERATIONS 


The pseudo-operations are written on the coding form in the op code field. 
They direct the assembler in storage assignments, symbol definitions, and 
generation of constants. All labels appearing in the operand field of 
pseudo-operations must be predefined (i.e., they must be common symbols or 
they must appear in the location field of a statement preceding this). A 
summary of the PAL pseudo-operations follows: 
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In addition, the following conventions apply: 


1. An asterisk in Column 1 identifies the entire line as a comment 
which will appear on the output assembly, but has no effect on 
the program. 


2. An asterisk in Column 7 of a statement identifies the location 
field name as a common, absolute symbol. 


3. <A dash in Column 7 of the statement identifies the location field 
name as absolute (but not common). 


4. Special pseudo-operations are available for use with Monitor 
(refer to GE/PAC MONITOR MANUAL). 


@RG - ORIGIN/CORE STARTING ADDRESS 
DCW - DRUM/BULK STARTING ADDRESS 


@RG and DCW are used to specify, to the loader, the following information: 


1, The location in core (ORG) or bulk (DCW) where the loader is to 
place the instructions that follow. 


2. An indication if this segment should be permitted relocation at 
load time, 


Zee 


When a segment is designated relocatable the loader accepts, from the 
operator, bulk and core relocation values which tell the loader to move 
the program, Placing an asterisk in Column 7 of an @RG or DCW instruction 
inhibits this action for the entire program up to another @RG or DCW 
instruction. 


The @RG requires one operand, which specifies the core starting location. 
DCW requires two operands. The first specifies the bulk starting location; 
the second (optional) specifies a corresponding core location. 


In the extreme left column of the listing produced by the assembler is the 
location of each instruction. This location is a core location initialized 
to the value of the @RG operand or the second operand of a DCW. 


If a program has no ORG or DCW, it is assembled as though it were headed 
with am @RG 0, permitting relocation. 


Any symbol used in an operand must appear in the location field of a 
previous instruction within this program, or must have been communicated 
as a common symbol from another program. The location field of an ORG or 
DCW pseudo-op must remain blank. 


IDN - IDENTIFY LIBRARY SUBROUTINE 
LIB - CALL LIBRARY SUBROUTINE’ 


The IDN and LIB pseudo-ops are used with FORTRAN library subroutines. 
They may be used to build and call other library subroutines as desired. 


The appearance of an LIB at the end of a program signals the loader to 
search for a program by that name (identified by IDN) to load and establish 


communication between the calling program and the library routine. 


Examples: 


= 
HEN 
Zz 


An IDN appears only once in a library routine, and must be the first 
statement in the routine. An @RG or DCW may not appear in the routine. 
The name of the routine (a Label as defined in paragraph 1.3) appears 
in Columns 12 and following. 


The LIB statements must appear at the end of the calling program. The 
number of them is limited only by the number that the loader can accom- 
modate, which varies with the loader being used. The library subroutine 
name is a label appearing in the location field. 


ra 


2.4 


2.4.1 


BSS - BLOCK STORAGE RESERVATION 


BSS is used to reserve or skip a block of memory. The size of the block is 
designated in the operand field. Any symbol that is used must be a common 
symbol communicated from another program or must have appeared in the loca- 
tion field of an earlier instruction within this program. 


A symbol written in the location field is entered into the assembler's table 
of symbolic equivalences. It is entered with the location value corresponding 
to the first location of the reserved block, 


CGN - CONSTANT 


CGN generates program constants. The five types are specified by an 
alphabetic character in Column 12 as illustrated on page five. 


The assembler generates the binary equivalent for a C@N constant. A 
symbol appearing in the location field of any constant is entered in the 
assembler table of symbolic equivalences. All references to the constant 
may be made by that name. 


Single-Word Fixed-Point Decimal Constant 


The first operand, D, identifies the constant as fixed-point decimal. 

The second operand presents the value of the constant. A binary scale 
factor and a power of ten exponent may be expressed in the constant. The 
binary scale factor indicates the bit position of the binary point relative 
to the sign bit in the word. 


[af 2] 3] 6 [so fs Fo [facfoafiafiafrefrsfts]e fro] zof22sfoe fs gf 27224 af nf 2a 9 2439s 2] 0 ee 
GROMER R(X NORE RRR R ERG RRR R EERE EER 
PTT GgN 42 ae 
cay leper ee TEP 
a LITT REERRRRREERE 


In the preceding examples 2 and 3, the binary point is assumed as 
indicated by the arrow illustrated below: 


Sign Bit 


012 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 


Bits are numbered from right to left; binary points (equivalent to a 
decimal point) are numbered from left to right. The binary point is 
considered as being located to the right of any bit. Consequently, 
if a point is to the right of Bit 23, the data word is considered to 
be a fraction scaled BO. The data word is considered to be a full 
integer scaled B23 when the point is to the right of bit zero. 


2s4e2 Single-Word Floating-Point Decimal Constant 


The first operand, F, in the following example, identifies the 
constant as a floating-point decimal. The second operand presents 
the value of the constant. The number following the E indicates the 
power of ten exponent. 


CON F,22.5 
CON F,225E-1 
CON F,.225E2 


A single-word floating-point constant is formed with the exponent 
in the six bits following the sign bit and the normalized fraction 
in the rightmost 17 bits of a word. 


23 |}22 - -- - 17 


Magnitude of Normalized Fraction 
xponent (=actual binary exponent + 40.) 
Sign of Floating—Point Number (0 = +; 1 = -) 


Lathe 3 Variable Length Alphanumeric ‘Constant 


The first operand, A, identifies the constant as an alphanumeric. 

The second operand presents the number of characters in the constant 
(between 1 and 52). The third presents the characters of the constant. 
All characters are translated to the seven-bit ASCII code, an eighth 
bit (always zero) is appended on the left of each, then they are 

packed three per word from left to right. If the number of characters 


requested is insufficient to fill the last word, it is completed with 
null codes (1774). 


CGN A,2,AB Generates one word; third character null 
CGN A,3,AB Generates one word; third character blank 
CGN A,9,ABCDEFGHI Generates three words 


Zits Single-Word Octal Constant 


The first operand, @, identifies the constant as an octal constant. 
The second operand presents the value of the constant. 


CGN G,777 
CON 6,311 
CON @,77777777 


The value of the second operand is converted to binary, right 
justified, and entered in the program as a single word constant. A 
plus or minus sign is not usable with C@N @. 


age 


2.4.5 Single-Word General Constant 
The first operand, G, identifies it as a general constant. The second 
operand specifies the value of the constant. The second operand may be 
any combination of parameters defined as legal for the operand field. 
A decimal, a symbolic, and an octal constant are illustrated below: 
CON G,25 
CON G,LABEL-6 
CON G,/77777777 
Decimal constants of this type must be integers. B-scale factors and 
E multipliers as used in the C@N D pseudo-op are not allowed. 
2D DCN - DOUBLE-WORD CONSTANT 
DCN is used to generate double-word program constants. The type of 
constant and its value are specified in the operand field. 
250k Double-Word Fixed-Point Decimal Constant 


The first operand, D, identifies the constant as a fixed-point decimal. 
The second operand presents the value of the constant. A binary scale 
factor and a power of ten exponent may be expressed in the constant. 

The binary point is relative to the sign bit in the first word. The 
value is placed in two words. The sign of the second word is not used 
and is set to zero. It is analogous to the sign of the Q-Register which 
is not used in GE/PAC arithmetic instructions. 


DCN D,42 
DCN D,22.4B30 
DCN D,.224B30E2 


In the second and third examples, the binary point is assumed 
between Bits 15 and 16 of word two as indicated by the arrow: 


WORD 1 WORD 2 


Not Used 
(always zero) 


Since Bit 23 of word two is not used, Bit 22 of word two and Bit 


zero of word one are contiguous, Therefore, binary point 23 is 
between Bit zero of word one and Bit 22 of word two. 


-Q~ 


26562 


28060 


Double-Word Floating-Point Decimal Constant 


The first operand, F, identifies the constant as a floating decimal. 
The second operand presents the value of the constant. 


DCN F,-232.5 
DCN F,2.3252E2 
DCN F,2325.E-1 


The format of the double-word floating-point constant is illustrated 
below: 


Exponent (actual binary ‘Magnitude of The 
exponent - 400.) Normalized Fraction 


Sign of Floating-Point Number (0= +; 1= -) 
Double-Word Octal Constant 


The first operand, @, identifies the constant as an octal constant, 
The value of the constant is written as the second operand. It is 
converted to binary, right justified, and entered as a double word 
logical constant (48 bits). Unlike arithmetic instructions, which 
ignore the sign bit of the Q-Register, GE/PAC logical instructions 
use the sign bit of Q. Therefore, Bit 23 of the second word of a 
double word octal constant is utilized. 


DCN ¢,77 
DCN $,311 
DCN $,7777777777777777 


GEN - GENERATE DUPLICATES 


A GEN instruction operand specifies the total number of times the 
following instruction will appear. The operand may be a combination 
of parameters defined as legal for the operand field. Symbols used 
must be predefined. 


f 


ee 
Pt TT Te 
eee 
0 ee 


—oo 
iter] 
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The GEN instruction cannot be used to duplicate the following 
pseudo-ops: 


GRG CON A DEF LIB 
BSS GEN SLW IDN 
DCW EQL END 


2.7 EQL - ASSIGN A SYMBOLIC EQUIVALENCE 


EQL is used to assign a value to a symbol during assembly. This 

function is useful in sharing storage areas, establishing conmmunica- 

tion between programs, and assigning parameter values in a form adaptable 
for changes. 


Enter the symbol into the location field and its equivalent value into 

the operand field. The operand value may be any combination of parameters 
described in Section 1. There is one restriction; symbols written in the 
operand field must be previously defined. 


2.8 DEF - DEFINE A NEW OPERATION 


DEF permits the programmer to define new operation codes (i.e., codes 
that are not defined in the PAL language). 


DEF is used for the following reasons: 


1. An op code may not exist for all GE/PAC computers; therefore it is 
not included in the basic PAL language. The programmer may define 
the op code when frequently used in the system, | 


2. Tables of parameters may consist of more than one value packed within 
a word. In this case, it is more convenient to write the values 
separately and allow the assembler to combine them into single words. 
Otherwise, the values would have to be hand-assembled to one-word 
constants and entered by using the CGN pseudo-op. DEF permits the 
programmer to define new operation codes that will accept multiple 
values as separate operands. 


A detailed procedure for using the DEF pseudo-op follows. 


1 
For infrequently used operations, it may be easier to insert the 
undefined instruction as an octal constant. 


=11= 
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Op Code Definition 


Machine operations (op codes) are written with optional operands 
separated by commas. The assembled instruction results from 
combining the values of the operands with the base octal associated 
with the op code, The base octal is 24 bits long. 


Each operand has two format characteristics: 


1. Operand width (specified as the largest octal 
value that may be generated) 


2. Position (where the value is placed in the 
finished word) 


Example: The machine op code, ADD, is comprised of base octal 
11000000 and two operands. The first operand value 
is placed into Bits 13-0 (width 377774, position 0). 
Second operand value (Index Register) is placed into 
Bits 17-15 (width 7, position 15). 


To define a new op code all the following must be specified: 


1. The base octal 9 
2. The number of operands it will accept 
3. Format characteristics for each operand 


Defining a new op code requires defining audit codes. An audit 
code specifies an operand width and position to the assembler. 

Each audit code has a number associated with it. Sixty-four audit 
codes are available for the assembler, Audit code numbers 0-24 

are reserved; 0-19 are predefined (refer to Appendix C). Codes 
25-50 should be avoided by the programmer; they are reserved for 
PAL and Monitor for future op code additions. Audit code 63 has 
special use (refer to paragraph 2.8.2). Therefore, only audit code 
numbers 51-62 may be assigned freely by the programmer. These may 
be reused within the same program, one definition applying only until 
the next definition is encountered. It is recommended that the 
programmer start with 62, numbering in reverse. 


Three steps in defining a new operation follow: 
1. Determine width and position of all operands. 
2. Define audit codes for those widths and positions. 


3. Define the op code by assigning to it the audit codes 
from Step 2 above. 


2up to four operands are normally allowed. When more than four are required, 
information outlined in paragraph 2.8.2 applies. 
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The steps in detail: 


1. For each operand of a new op code, determine its width and 
the position of its rightmost bit (anchor bit). 


Example: Assume a new op code, called AAA, were needed 
with the following characteristics: 


a. A base octal of 12034560 


b. Two operands, whose values are placed in Bits 17-15 
and Bits 3-0. These operands are described as follows: 
Operand one has a width of three bits and an achor bit 
of 15. This width is expressed as the largest number 
it can contain in octal (in this case, seven is the 
largest number three bits can contain). The second 
operand has a width of four bits (/17) and an anchor 
bit of zero. 


2. Define audit codes for each operand as follows: 


a. Write the audit code in Columns 1 and 2 of the 
location field. 


b. Write DEF in the op code field 

c. In the operand field, write two operands separated 
by a comma. The first is the width, expressed in 
octal; the second is the anchor bit position. 


Example: 


The coding for AAA above follows: 


Location Op Code Operand 
62 DEF /7,15 
61 DEF /17,0 
Audit Code Width Anchor Bit 


3. When all necessary audit codes are defined,- the op code 
itself may be defined as indicated below: 


a. Write the new operation mnemonic in Columns 1 
through 3 of the location field. 


b. Write DEF in the op code field. 


c. Write the base octal and audit codes, separated 
by commas, in the operand field. 


alse 


Example: 


Location Op Code Operand 
AAA DEF /12034560,62,61 
Mnemonic Base Octal First - Second 


Operand, Audit Codes 
(in the order the 
operands will appear) 


The new op code may now be used (note that a symbolic 
operand may be used): 


ee 
123 4 56 7 8 9 1019 1213 1415 


EQL 3 

AKA a? Result 12: (4) a Se fe 

ees ae 12 3 3 4 5 6 0 
lst ee 2nd ee 


Different op codes may share audit codes if they have operands 
which coincide exactly in width and position (i.e., the 
programmer need define only one audit code for a particular 
operand width and position, then that audit code may be used 
freely for as many op codes as desired). 


2.8.2 Extra Operands Option 


When generating special tables of data, four operands may be 
inadequate. 


Example: A table of constants is desired where each word is 
divided as follows; each section is able to take 
on an independent value. 


23 22 21 20 19 18 17 16 15 1413 12 1110 9 86 #7 6 5 4 3 2 «1 «=O 


The normal technique for op codes permits only four operands, which 
is insufficient (the example requires seven operands). The use of 
DEF in the Extra Operands Option permits up to 12 operands. The 
steps for defining an op code when using the Extra Operands Option 
are nearly identical to those for a normal op code. 


a 


1. For each operand, determine its width and the position of its 
rightmost bit. 


Example: 


Width Largest Number 
(No. of Bits) It Can Contain Anchor Bit 


23 
19 
13 
12 


2. Define audit codes for those positions and bit lengths. 


Example: 


BABADE 
|| | TORE 
||| JOBE 
[| | (ORE 
||| OE 
||| (DHE 
BRB 
BER Ih 
Pit tty 


Note: If an audit code, with identical width and anchor bit 
for an earlier op code is defined, it need not be 
defined again, but may be used for this op code. 


3. When all necessary audit codes are defined, the op code 
itself is defined.- To signal the Extra Operands Option, 


place audit code 63 as the first audit code. 


Example: (BBB is used as the memonic for this op code). 


ToL aT + [sQo Toole flee effet lll oo] fof od oo lo fof of fof of slo] alll 

BBE De GOR OU. 21.60. 35449 AT ttt 

PE eT BERR? TERERRERE 

oo AT PING 

PTT TT A TTT TIAL ity 

PRMGTOHOHGHOU//OMGUGU /OUSQGURISUGHGIGTGEEAIBERETOUGIOE 
PTT AA AT 
BEVGUHG/(MURREW//NUEUNENGENGGCCHOED) GBSOGBIOBLALEE 
BEEREEE A SARRRERRERR REE Ree 


Base Octal ; 
Audit Codes (in the 


same order the operands 


Extra Operands Option ; 
will appear) 
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2.8.3 


238.4 


4. Using the new mneomonic: 


Pipat apap tt rf ot rp of of of of of rfotettiitititi 77202777 
| Of 1{ o| of of of of of of of 1] of of of1jofolijojololifojo 20021104 
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General Rules 


1. DEF is available only for additions to the language, not for 
substituting new definitions for permanently defined PAL op codes. 


2. Operands of the DEF instruction itself may be written in decimal, 
octal, or symbolic. However, all symbols must be previously 
defined. The usual rules for determining if operands are relative 
or absolute do not apply. -All operands are considered absolute. 


3. Operands for newly defined op codes follow the usual rules for 
translation as absolute or relative symbolics (refer to page 18). 


4. Audit codes must be numeric. 


5. Audit codes 51-62 only may be used. It is recommended that the 
programmer start with 62 and number in reverse. 


6. Audit codes and op codes not reserved for PAL may be redefined 
within a program as often as the programmer desires. 


7. New op codes, audit codes, and their audit code definitions are 
a part of the common symbol table which may be preserved for 
subsequent assemblies. 


8. The Extra Operands Option may be used for defining all op codes. 
However, normal use of DEF for op codes requiring four or fewer 
operands will save space that the assembler can use to store 
more symbols. 


Error Conditions 
When an attempt is made to redefine an op code or audit code that has been 
permanently defined, the permanent definition still applies and the new 


definition will be flagged as a location error (L). Permanently defined 
op codes are those that make up the PAL language codes. 


216s 


2.9 


2.10 


2.11 


When defining an op code, if audit code 63 (Extra Operands Option) is 
written anywhere except directly after the base octal, an illegal operand 
error (1) will occur. Definition of the op code is terminated at this 
point. 


When defining an audit code, the nubers 0 through 24 will be flagged 
as a location error (L). They are reserved for the assembler. 


SLW_- SLEW PRINTER PAGE 


Upon encountering the SLW pseudo-op, the assembler positions the 
paper at the top of the next page. Assemblers operating on com- 
puters without output page control ignore the SLW instructions. 


END _- END OF PROGRAM 


END is used to terminate the assembly and must be the last statement 
in a program. Upon encountering END, the assembler generates control 
information for the loader. 


An operand may be used to indicate the starting point of the program. 
When this is done, the starting address is also gommunicated to the 
loader. 


MONITOR PSEUDO-OPS 


Pseudo-ops exist to generate constants for Monitor. They are used to 
generate parameters for calling sequences and format words for input/ 
output. These pseudo-ops are described in the GE/PAC Monitor Manual 
and are available only through the Monitor Common Symbol Tape. 


Slee 
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PROCESSING AND OUTPUT 


GE/PAC uses a two-pass assembler. During the first pass, the assembler 
examines the storage allocation and forms a table of symbolic equival- 
ences. Each symbol appearing in the location field is entered into the 
symbol table. During the second pass, the assembler completely forms 
each instruction code, For each symbolic operation, the assembler 
searches a table of permanent operation codes to acquire its corres- 
ponding base octal and audit codes for operand treatment. The operand 
field is scanned, and equivalent values are computed using the symbol 
table formed during the first pass. The base octal and the operands 
are then combined using the audit codes. The final step in the assembly 
of each statement is the preparation of a line of output for listing 
and direct loading. 


CHARACTER CODES 


Appendix A presents the character set associated with PAL. Additional 

codes applicable to the Model 4233 Teletypewriter, Model 4262 Line Printer, 
Model 4223 Output Typer (long carriage), Model 4270 I/O Typer, etc. are 
presented on a separate sheet available from the Programming Library. 

They are legal as comments in the operand field depending upon the device 
used for listing at assembly time. Any character may be used in the operand 
of a CON A instruction if the character code is kegal for the devices that 
will read and write that character, at assembly and at run time. 


ABSOLUTE AND RELATIVE VALUES 


An operand of an instruction which references memory may be specified 

to be assembled as an absolute or relative address. An absolute address 
is the true location of the referenced memory cell. A relative address 
is the difference between the address of the referenced memory cell and 
the address of the instruction. The result is negative when the 
referenced address is smaller than the instruction's address, Assembling 
addresses in their relative form permits a program to operate anywhere 

in the GE/PAC. 


An operand as written by the programmer can consist of one or a combina- 
tion of the following terms: 


An absolute label 

Absolute terms 
An integer 
A relative label 

Relative terms 
The *(Present location) 


Combinations are formed using add (+), subtract (-), multiply (*), 
and divide (/) operators (refer to paragraph 1.3) 
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3.3 


3.4 


365 


An operand is assembled relative if any relative term (a relative 
label or the asterisk) appears in the combination of terms. An 
operand is assembled absolute when no relative term appears. 


A label usually represents an address in memory. Addresses in the 
GE/PAC may be referenced relative or absolute. To reference an 
address: absolute, specify as absolute the label associated with 
that address. Otherwise, it is assumed to be relative by the 
assembler. A label specified as common to more than one program 
(refer to paragraph 3.2) is assembled as an absolute label in all 
programs in which it is referenced. Two additional methods to 
specify a label as absolute are as follows: 


1. Place a dash in Column 7 of the line of coding where the 
label appears in the location field. 


Example: ALPHA -LDA BETA ALPHA 
will be referenced absolute. 


2. Use the EQL pseudo-op to equate the label to an absolute 
operand. 


Example: GAMMA EQL ALPHA+2 Both ALPHA and 2 are absolute. 
Therefore, the operand is ab- 
solute and GAMMA will be con- 
sidered absolute. 


COMMON SYMBOLS 


A label is specified to be common by placing an asterisk (*) in 
Column 7 of the line of coding where the label appears in the 
location field. Each common label and its value is available 
through a common symbol table to all other programs in a system. 


ASSEMBLER VARIATIONS 


Variations in the capabilities of language translators originate 
from the different operating environment of each. For example, 
the memory available affects the size of the symbol table. It is 
important that the characteristics of each translator be examined 
prior to its use. 


OUTPUT 


Each translator of the assembly language possesses its own output 
characteristics. However, all translators can produce the two 
basic output requirements: 


1. An assembly listing, which includes the original symbolic 
information plus the assembled instructions in the relative 
and absolute forms. The output listing will also contain 
error flags. These are defined in Appendix B. 


2. Output for loading in the GE/PAC system. 
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APPENDIX A 
ASCII CHARACTER CODE TRANSLATION 


The list of characters in Table I comprises the TABLE I 
total ASCII Character Set associated with the 
assembler language. The octal associated with 
each character represents the equivalent code 
produced by the paper tape preparation device 
for input. 


101 
102 
103 
104 
105 
106 
107 

110 
111 
112 
113 
114 
115 
116 
117 
120 
121 
122 
123 
124 
125 
126 
197 
130 
131 
132 


The additional characters listed in Table II 
may be legal, as comments in the operand field 
depending upon the device used for listing at 
assembly time, or in the operand of a CON A 
instruction if all devices that read or write 
that character can recognize it, at assembly 
and at run time. 


TABLE II 


CHARACTER TYPER 


NK MEMS CHNDONOBRZERMPA GHENT AD PY 


060 
061 
062 
063 
064 
065 
066 
067 
070 
071 


WOON ADUFWNHE © 


053 
055 
057 
052 
056 
054 
040 


en i 2 
ou 


space 
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APPENDIX B 


ERROR FLAGS 


The assembler performs validity tests on each instruction. When errors or suspected 
errors are detected, one of the following indicators will appear on the output listing. 


FLAG 


DEFINITION 


Location Field Error 


First character of the label is not alphabetic 
(see Appendix A, Table I). 
2. Using the DEF pseudo-op when: 
‘a. The mneomonic assigned is a GE/PAC machine 
operation. 

b. Requesting "extra operands" definition when 
mnemonic has been previously defined as 
machine-typed operation. 

c. There is an illegal audit code number. 

3. Location field is blank when a symbol is required. 

4. Location field contains a symbol when not allowed. 

5. Label not found in the table, probably due to 
overflow of the table (some assemblers) on the 
first pass. 

Operation Field Error 1. The op code not part of the language or was not 
added to the table through the DEF pseudo-op. 

This often occurs when definition was attempted 

but was illegal. Consequently, it was not added 

to the operation table. } 
2. This op code cannot be GENerated. 


Illegal Operand 1. Blank operand when an operand is required. 

2. Operand not blank when it should have been. 

3. One or more required operands missing. 

4. Too many operands. 

5. Operand value too large. 

6. . Negative operand value in an instruction that 
will not accept one. 


Illegal constant. 


Index Word Error 1. Index word 1 or 2 specified. 
. Required index missing. 


Specified index word is greater than seven. 


Undefined Symbol Occurs only when a symbol appears in the operand field 

and: 

1. It never appeared in the location field or on the 
common symbol tape. 

2. It appeared in the location field, but the symbol 


table was full at that time. 


Illegal Character A character, not associated with the assembler lang- 
uage, was found in one of the following fields: 

1. Location 

2. Op Code q 
3. Operand 


(Refer to Appendix A, Table IT) 
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ERROR FLAGS 


DEFINITION 
Multiply-defined Symbol 


Symbol in location field was flagged because: 
a. It has appeared in the same field on a 
previous record. 
b. It appeared on the requested EQL tape with a 
value unequal to the one being assigned. 
c. It was saved from a previous assembly with a 
value unequal to the one being assigned. 
2. Any record which references a multiply-defined 
symbol in the operand field will also be flagged. 


Second Pass Definition 
of Symbol Different 
from First Pass 


Relative Operand Error 


Tables Full 


Operand value was relative and should normally be 
absolute for this operation. 


Lo3s 


AUDIT CODES 


‘Each machine instruction may have operand values. The assembler has a 
list of operand-associated numbers called audit codes. These numbers 
uniquely identify individual operand requirements. Two basic character- 


istics of audit codes are: 
AUDIT OPERAND } ANCHOR 
NUMBER | WIDTH POSITION 


1. Operand width ex- 
pressed as a mask 


2. Anchor position 


A maximum of sixty-four 
audit codes are available. 
Audit codes-0 through 50 
are reserved for the as- 
sembler and Monitor; 51 
through 62 are available 
for programmer definition. 
The first twenty audit 
codes are defined and 
listed in the table at 

the right. 


No operand accepted _ 
Full operand. May 
be absolute or 
relative. 


For instructions 
with optional tag 
field. Must be 
absolute if not 
blank. 


3 14 Full operand. 
Must be absolute. 


[eae ea ee 
5 24 
requiring a tag. 


Pass without 
audit (any value 
accepted). 
3 15 
Must be absolute. 
7 5 K bits. Must be 
absolute. 
Value will be 
negated (TXH). 
Must be absolute. 


For instructions 


Operand may be 
absolute or 


Operand may be 
relative or abso- 
lute and may be 

negative (INX). 


Absolute only; 
may be negative. 


ABL 
ABT 
ACT 
ADD 
AD¢ 
AEL 
AFA 
AKA 
ANA 
BRU 
BTR 
BTS 
CBK 
CLO 
CLZ 
CMO 
CMZ 
CPL 
DAD 
DIA 
DLD 
DLL 
DMT 
DRA 
DRC 
DRL 
DST 
DSU 
DVD 
ERA 
FAD 


APPENDIX D 


MACHINE OPERATIONS 


APPEND ITEM TO BEGINNING OF LIST 


ABORT DEVICE D's OPERATION 
ACTIVATE DEVICE D's INTERRUPT 
ADD 

ADD ONE TO BIT K 

APPEND ITEM TO END OF LIST 
ADD FIELD TO A 

ADD K TO A 

AND TO A 

BRANCH UNCONDITIONALLY 
BRANCH IF TSTF RESET 

BRANCH IF TSTF SET 

CHANGE BIT K 

COUNT LEAST SIGNIFICANT ONES 
COUNT LEAST SIGNIFICANT ZEROS 
COUNT MOST SIGNIFICANT ONES 
COUNT MOST SIGNIFICANT ZEROS 
COMPLEMENT A 

DOUBLE ADD 

(SHIFT) DOUBLE LEFT ARITHMETIC 
DOUBLE LENGTH LOAD 

(SHIFT) DOUBLE LEFT LOGICAL 
DECREMENT MEMORY AND TEST 
(SHIFT) DOUBLE RIGHT ARITHMETIC 
(SHIFT) DOUBLE RIGHT CIRCULAR 
(SHIFT) DOUBLE RIGHT LOGICAL 
DOUBLE LENGTH STORE 

DOUBLE SUBTRACT 

DIVIDE 

EXCLUSIVE OR TO A 

FLOATING ADD 


A976 = 


FLOATING DIVIDE 

FIX FLOATING NUMBER 

FLOAT FIXED NUMBER 
FLOATING MULTIPLY 

FLOATING MODE SHIFT 
FLOATING SUBTRACT 

INHIBIT AUTOMATIC INTERRUPT 
ISOLATE BIT K 

INPUT FROM DEVICE TO LIST 
INPUT FROM DEVICE D 
INCREMENT X 

JUMP FF CHANNEL IS BUSY 
JUMP IF DATA READY 

JUMP IF NO DEMAND 

JUMP IF DEVICE D NOT IN ERROR 
JUMP IF NO OVERFLOW 

JUMP IF NO PARITY ERROR 
JUMP IF DEVICE D NOT READY 
LOAD BIT MASK 

LOAD THE A-REGISTER 
HIGHSPEED I/O BUFFER 

LOAD FIELD 

LOAD INDIRECT 

LOAD A WITH K 

LOAD ONE INTO BIT K 

LOAD PLACE 

LOAD THE Q-REGISTER 

LOAD REGISTERS : 
LOAD X WORD 

LOAD ZEROS INTO A 

LOAD MINUS ONE 


APPENDIX D 


MACHINE OPERATIONS 


LOAD PLACE AND RESTORE 

LOAD X WITH COUNT 

LOAD X WITH K 

MOVE A TO Q 

MULTIPLY 

NEGATE 

NO OPERATION 

OUTPUT FROM DEVICE TO LIST 
OPERATE ON MEMORY 

OPERATE DEVICE D 

OR TO A 

OUTPUT TO DEVICE D 

PERMIT AUTOMATIC INTERRUPT 
RESET BIT K 

REMOVE BEGINNING ITEM FROM LIST 
READ CONSOLE SWITCHES 

REMOVE ENDING ITEM FROM LIST 
RESET TSTF IF BIT K IS EVEN 
RESET TSTF IF A IS NONZERO 
RESET TSTF IF BIT K IS ODD 
REPEAT INSTRUCTION IN LOCATION 7 
RESET TSTF 

SET BIT K 

SELECT DEVICE D 

SET TSTF 

SET TSTF IF BIT K IS EVEN 
SUBTRACT FIELD FROM A 
SUBTRACT K FROM A 

SHIFT LEFT ARITHMETIC 

SHIFT LEFT LOGICAL 
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SNZ 
S¢D 
SPB 
SRA 
SRC 
SRL 
SSA 
STA 
STB 
STF 
STI 
STQ 
STR 
STX 
SUB 
TER 
TES 
TEV 
TFE 
TFL 
TNM 
TNZ 
T@D 
TOR 
TOS 
TSC 
TXH 
TZC 
TZE 
XEC 


SET TSTF IF A IS NONZERO 
SET TSTF IF BIT K IS ODD 
SAVE PLACE AND BRANCH 
SHIFT RIGHT ARITHMETIC 
SHIFT RIGHT CIRCULAR 
SHIFT RIGHT LOGICAL 

SET STALL ALARM 

STORE CONTENTS OF A 
STORE HIGHSPEED I/O BUFFER 
STORE FIELD 

STORE INDIRECT 
STORE,CONTENTS OF Q 
STORE REGISTERS 

STORE X 

SUBTRACT 

TEST EVEN AND RESET BIT K 
TEST EVEN AND SET BIB K 
TEST BIT K EVEN 

TEST FIELD EQUAL 

TEST FIELD LESS 

TEST NOT MINUS ONE 

TEST A NONZERO 

TEST BIT K ODD 

TEST ODD AND RESET BIT K 
TEST ODD AND SET BIT K 
TEST AND SHIFT CIRCULAR 
TEST X HIGH OR EQUAL 
TEST ZERO AND COMPLEMENT 
TEST A ZERO 

EXECUTE 
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SECTION 1 - INTRODUCTION 
‘1.1 PURPOSE OF THE MANUAL 


This manual describes external functional characteristics of 
the On-Line Process Optimization System (hereinafter referred to 
as OPO). The relationship between process and OPO is defined. The 
communication interfaces between the user and OPO are eyoiuasa: . 


Related file management facilities are also described. 


It is assumed that the user of cute manual has a working 


knowledge of the GE/PAC MONITOR, process control, and linear pro- 
gramming techniques. 

| | | 
1.2 BRIEF DESCRIPTION OF ON-LINE PROCESS OPTIMIZATION SYSTEM — 

The OPO is a non-linear sotinteatien system eonsteeing of 
set of functional programs designed to operate in conjunction with 
user-written process monitoring programs and user-written process 
simulation programs to achieve on-line process optimization. The 
system may also be used in non-control Moet eseiene for the pur- 
poses of experimentation and verification and for the acquisition 
of management information. A variety of methods are provided to 
facilitate communi cel sOns peewee users and OPO. A data manage- 
ment subsystem is included to minimize the amount of data “nren. 


must be furnished by the user each time-OPO is ietivecad? 


‘OPO may be used for ‘process en ripe open or closed. 
| oat application. In all applications the user must supply a set 
of data which describes the problem and a functional program which 
| simulates the process to be optimized. . af | . 
; CR a See as Pe ong AS a 


“SECTION 2 -. PROBLEM... 


vy 


2.1 GENERAL PROBLEM 


OPO is senceaviy designed to determine settings of controlla- 
ble independent process givtaured heGeh a manner that a process 
will operate in an optimum manner as defined by some objective 
function and subject to limiting values on some dependent process 


variables. 
The independent process variables may also be limited to cer- 


tain ranges of values. 


It may be aelavenve to limit both the independent and depend- 
ene aesesue variables. There may be "hard" limits which must not 
be violated under any evecumseentess There may be "soft" limits 
which can be violated but the magnitude.of the soleus must be 
iin sea: In later sections of this manual, "hard" limits will 
be referenced as bounds and "soft" limits will be referenced as 
banieee. 

Some dependent process variables depend in part upon their 
“own value. Such variables are referred to in this manual as 
Laptiedt variables. | 7 - | 

Generally, the dependent variables and the objective function 


are non-linear functions of the independent variable. 


2.2 EXAMPLE PROBLEM 


To better illustrate the problem, a hypothetical process is 


discussed in the following paragraph of this section. 


A reactor yields three products; xX, Y, and Z. | The sneune 
of each yield product produced is a non-linear eaacelen of the. 
temperature (T) and the pressure (P) at which ene reactor is oper- 
ated and the quantity of feed stock (F) fed into the ee oe The 
reactor should be operated by methods which tend to maximize the 
value of the products produced. | | 

The amounts of each of the products which can be produced is 
limited. fiers ney be marketing restrictions on how much of each : 
product can be sold and there may be an obligation to produce at 
least some fixed minimum amount of each product. Th=se limits 
are “hard" limits or bounds. There mage "soft" limits or targets 
on some-products. For example, it might be possible to sell 


product X above a certain quantity only at the reduced price. 


In addition, there may also be limits on the process variables. 
The feed stock quantity may not be less than zero and may also be 
limited by the supply available. Physiieai limitations of the | 
reactor may place "hard" restrictions on operating temperature and. . 
pressure. Excessive maintenance costs due to very high operating ~ 


temperatures and pressures may impose "soft" restrictions.” 


SECTION 3 - METHOD OF SOLUTION 
3.1 RESTRICTED LP 


The solution to the non-linear optimization problem is obtained 
by solving a series of highly restricted linear optimization prob- ~~ 


lems. 


Linearizing the problem about the starting values of the inde- 
‘pendent waveanies and applying upper and lower bounds to the inde- 
pendent qorispiss makes it possible to solve a highly somtereees. 
LP and gain an improvement in the objective function. ‘The problem 
can then be relinearized about the new set of independent variable 


values and another LP solution computed. 


The linearization of the problem and evaluation of the depend- 
ent variables and objective functions are performed by calling the 


user-supplied process simulation program which is called a model. 


Each such LP solution is a step toward the solution of the 
non-linear problem; the sequence of steps made in arriving at the 
solution of the non-linear problem constitutes a nope: After each 
step, tests are ee determine whether a acrueian to the non- 


linear problem has been reached. 


The bounds generated by the solution program to control the 
step size are compared with the bounds on the problem supplied by 
the user. The most restrictive of these bounds is used to con- 


trol the step size. 


~ 
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3.2 LINEARIZATION 


The non-linear dependent variables and objective function must 
be linearized about the position (value) of the independent vari- 


ables in order to solve the linear program. 


The partial derivatives of the dependent variables are com- 
puted at ‘the position of the independent variables and these are 


used as the coefficients of the LP matrix. 


1 


The partial derivatives are computed with the aid of a sub- 
program which simulates the process being controlled. This program 
is supplied by the user and is referenced herein as a MODEL. 


j 
After the system is linearized the solution program deter- 


mines the step size permissible. This step size is input by the 
user or is computed, based on the curvature of the functions. A 


detailed explanation is given in Section 5. 


SECTION 4 ~— USING OPO 
4.1 USER SUPPLIED REQUIREMENTS 


In order to use OPO to optimize a process, the user must sup- 


ply the following three items. 


1) A functional program which simulates the aeesens to be 
optimized. This program, given a set of values of independent 
process variables, produces numerical values describing the | 
‘relationship of the. dependent process variables and tis engeds 
tive function on the independent variables. This program is 
the model menetonea earlier. Characteristics of a- model and 


j its interface with OPO are described in Section 5. 


2) A set of data which defines the process unit within the 
OPO system. These data comprise a-untt common data set. 

When this data set is iueealaea all space used by OPO for 
data associated with that unit is reserved. The unit common. 
data set contains the names of the process variables and may 
contain restrictions which are used to edit data entered 


later for that unit. 


3) An optimizer data set (ops) which oe actual problem. 
to be solved. It eee the independent variables' start- 

ing meee the bounds and targets, to be applied ‘to the aes 
pendent and independent variables, and all data necessary to- 


control the progress of the solution. © 


an addition to the above requirements, the user must provide 


process monitoring programs where the application includes closed- 


loop optimization. | 


The Optimizer. Data Set (ODS) and the MODEL (M) which simulates 


the process are logically an entity which is denoted as ODS/M. 


The -Following subsections describe how the user performs the 


actions required to optimize a process using OPO. 


4.2 


“USER ACTIONS 


1) The user writes a MODEL in either FREE-TIME FORTRAN or 


a 


PAL and installs it in the GE/PAC MONITOR as a real-time: 


functional program. 


2) He prepares the input data for unit common and enters 
it in the system using a Load Unit Common (LUC) Command 


(refer to Section 7). 


3) He prepares the input data for the problem and enters it 
in the system using a Build Test Data Set (BTD) Command (re- 


fer to Section si 


4) He orders’ the Sxecueror of the optimizing Migovieimn | 
using the ops and its ‘associated MODEL (ODS/M) with a SOLVE 


(SOL) Command (refer - Section 7): 


5) If reports and results disseminated during execution of © 
the optimizing algorithm are not sufficient for his needs, 
the user obtains additional information through the FILE, 


PRINT, and MATRIX Commands (refer to Section 7). 


Assuming the MODEL to be installed in the GE/PAC MONITOR, the 


OPO responds to the above commands as follows: 


1) Unit space is allocated in OPO bulk storage and the unit | 


common data is stored after being processed. These actions © 
| | 


are invoked by the LUC Command. 


2) Execution of the BTD command results in allocation of 
ODS space in OPO bulk storage. Before the ODS data is stored, 
it is supTeeees to an edit using the restrictions in the unit 
common data. Das ae ODS data violates the editing restric- 
tions, the user is so notified on the T/O typer and is given 


an opportunity es Serrhee the error. 


3) Utilizing enc boundss initial values, sna Dior iafome= 
tion - including the MODEL 's program number - in the ODS, the 
acueans algorithm produces an optimum set of independent 
process variable values. The optimum Beene values may be 
displayed or passed to a functional process monitor program 
ieee ici number was specified as part of the ODS data. - 


4) Additional information, such as the reduced costs, may : 


be displayed on the printer or transmitted to a communica 


tion area on the bulk memory device where it may be retrieved — 


by any functional peoduanenowind the ieGakeoa of the data.. Sa 
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4.3 OPO CAPABILITIES — 


The commands referenced ta the puaeaq ie paragraphs are ele-_ 
ments of the OPO command ianouuge: The user directs data input, 
control.actions, communication with SGiee functional programs, 
speceetcn oe the eer icine algorithm, and output through the 
medium of this language (refer to Section 7). The user presents © 
his sanasaas to OPO in the form of tasks. Because OPO is apse 
of estinteins Several process units concurrently and can simulta- 
neously maintain several optimizer data sets and associated MODELS 
for each unit, a peak a sequence of commands directed at a par- 
ticular ODS/M in a specified unit. Tasks may be presented to the 
system without regard to the diasosit ion, oF prior tasks; OPO 


queues them on the appropriate mits and schedules their execution. 


Tasks May Originate from external or internal sources. The 
commands have an external format suitable for preparation on 
punched cards for entry into the system through the card reader. 
Internal sources such as a process monitoring program generate 
tasks in an internal format and store them in bulk memory for 


transmission to the system. | 


. A set of ase wigan sient functions are anes provided as part 
of OPO. These functions are utilized by the user to order OPO to 
accept new Cicks from both internal and external sources, delete 
tasks from the system, move a task to che Phone of its queue, and 
obtain inforniation concerning the status of the system. Those | 


* task management functions which may be used by an external. user 7 


. are invoked and furnished with parameters through che GE/PAC MONITOR 
OPR Subroutine. An paeeener user initiates execution of a task 
Management function by turning on the Pancetenal program contain- 
ing the task management function and furnishing it with the location 
of a block of previously prepared parameter eaiges: The task —e 
agement functions, their saeameceve: and uses are further described 


in Section 8. 


| 


4.4. DEFINITIONS 

Further description of the system requires the definition of - 
additional terms. OPO data or unit common data of a given type 
that are associated with process variables are termed vectors. 
The remainder of the data, which are not associated with process 
variables, are system punamerers For example, a MODEL program 


number is a system parameter. 


The user has the facility to select a subset of the process 
variables defined for a wee (refer to Section 7) to be active in 
a particular execution of the eer oe algorithm. Only variables 
designated as active in an ODS are considered by the optimizing ~ 
algorithm. Variables that are required by MODEL, but not control- 


lable, would be inactive. - 


Some dependent process variables may be tmpltett variables. 
These variables are, in part, functions of themselves and are 
described by the equation 


where y and x represent dependent and independent sets of process 
variables respectively. [In order for a solution to be meaningful, 


y x 


Y= Y.is a requirement. The methods for handling implicit vari- 
ables within OPO are described in Section 5.6. 


The optimizer data sets and associated MODELs (ODS /Ms) in a. 
unit may consist of no more than one control ODS/M and several 
test ODS/Ms. The control ODS/M in a unit is one that is actively 
controlling the process unit. The results of an optimization on 
the control ODS/M are utilized by an on-line functional program 
for transmission to the process. Only one control ODS/M can exist 
in a given unit at any one time. Before an ODS/M attains control 
status, it must pass through a test phase. A test ODS/M is used 
for experimentation and verification of an ODS and its associated 
MODEL. A test ODS/M may also be used for the acquisition of man- 
agement information not normally required to be produced by a 
‘control ODS/M. Several test ODS/Ms may exist in a unit simulta- 


neously. 


The preceding paragraphs do not describe the full capabilities 
of OPO which are implied in the following list of principal OPO 


characteristics. 


1) OPO can be used to optimize several process units con- 
currently. 
2)° OPO can simultaneously maintain several data sets in 


each unit. 


3) OPO commands are furnished for data input and modifica- —~ 


tion. 


4) OPO automatically edits all input data according to user. 


specifications. 


5) OPO can perform its functions in response to tasks 
emanating from internal sources such as process monitoring 
functional programs in the GE/PAC 4000 Real-Time Library or 


from external sources via the card reader. 


6) OPO can accept input data from both external and inter-_ 
nal sources; it can output data to external and internal 


destinations. 


SECTION 5 — MODELS’ 
5.1 MODEL 


During the course of an optimization, the OPO optimizing 


algorithm requires: 


1) The distance of the current values of the dependent 
| process variables and the objective function from their 


respective bounds, and 


2) The incremental effects of a change in any independent 
process variables (x) on the values of the objective func- 
tion (y,) and on the values of the dependent process vari- 


ables (y;,4 D2 sk) 


In order that this information may be made available, the user 
must furnish OPO with a MODEL that, given a set of values of the 
independent process variables (X), computes and returns the corre- 
sponding value of the Bhieeeive function (y,) and the correspond- 
“ing values of the dependent process variables (y,,4 ae a AOC ae 
This unee i648 is required of a MODEL. A MODEL may, we the user's 
option, also compute the partial derivatives (incremental changes) 
and return them to the OPO. This option is further described in 


Other than the required function and the optional function 
stated RHONeE nothing more of a computing nature is expected of. 
a MODEL. ° All problems of input, output, violation of bounds and 


targets are outside of a MODEL's domain. A MODEL is required to 


properly interface with OPO. The interface is described in Sec- 


tion 5.4... 
5.2 MODEL COMPUTATIONAL METHODS 


OPO places absolutely no requirements on the manner in which 
the vector Y (Y = YorYzrYore::) or the partial derivatives of Y 
are computed by a MODEL. However, because a MODEL is called . 
many times in the Gourse of an optimization, it should be pro- 


grammed and coded to execute quickly and efficiently. | 
{ 
-7*. 


For mathematical accuracy and operating efficiency, the user 
must consider the following points when formulating and. program- 


ming a MODEL. 
1) All dependent process variables must be continuous. 


2) If the MODEL incorporates iterative procedures in the 
computation of Y or the partial derivatives of Y, care must 
be taken that loose convergence does not lead to inavcurate 


results. 


3) If the user decides not to compute the partial deriva- 
tives of Y in his MODEL, he should. insure that the senputed 
values of ¥ (X) are accurate. | . | 
4) The dependent vax usbie vectors ebapaced by MODEL must be. © 
stored in sequential Ueateene starting in the bulk location 
specified in the Sarmins aae tons area. The first dependent 


variable (Y ) must be the objective function..- 


5) The independent variables are presented to MODEL as 


double precision numbers and the ‘dependent variable values 


must be returned in double precision. 


6) When implicit variables exist in a problem they exist 
in both the independent and dependent variable sets. If 
there are I implicit variables, these are represented in the 


first I independent variables (Xz - Xz) and the first I de- 


pendent variables following the objective function. 


} 
t 
: 
H 


5.3 MODEL TYPES 

While a MODEL must be capable of computing Y(X), given X, the 
user may also choose to compute partial derivatives of Y in his 
MODEL. Further; he may choose between computing the partials of 


Y with respect to a given x (xeX) or computing the partials of Y 


a¥ (X) ~ 


ox. ‘ 
3 


with respect to all x (ee eee 


Type 0 MODEL 
A type 0 MODEL computes only the vector Y(X), given X. The. 


incremental effects are calculated by OPO using the central dif- 


ference approximation 


. ie eh ae SORA i = OU 2 pew 
aX 2AX. f : 


J mae 


where ¥ a CYorYyresede 
i oe as a ‘ 
Xo represents the objective function,. - 


and Ax, represents an incremental change in x.. ~ 


In addition to being capable of computing Y(X), a type 1 MODEL 


can also compute the vector 


ox ax." 3X. 


av (x) _ ae ay, (X) 
7. 7 


for a given j indicated by OPO. 


This type of MODEL should be auniieda by the user, when analyt- 
ical methods for computing the partials are known and produce more 
accurate results than the central difference approximation used by 
OPO and described above. The use of a type 1 MODEL, as‘ opposed to 
a type 0, may ves in more efficient execution since OPO needs 
to make only one call on a type 1 MODEL to obtain the incremental 


effect of a change in x4 on ve 


Type 2 MODEL 


A type 2 MODEL extends the function of a type 1 in that it is 
capable of computing, in response to a single call from OPO, the . 
partials of Y with respect to each and every independent variable, 


i 


i.e., the vectors . 


Here, OPO need make only one call on the MODEL where N calls on a 
type 1 MODEL would be required (N representing the number of inde-_ 
pendent process variables). A type 2 Model may be used only when > 


the entire LP Matrix can fit in core.: 


A type 2 MODEL must also be capable of computing Y(X) when 


So requested by OPO. 
5.4 OPO-MODEL INTERFACE 


The interface between OPO and a MODEL consists of five items. 


Each item and its interpretation are discussed below. 
1) MODEL Type Flag (MTF) 


OPO calls on a MODEL with MTF set to either zero or to 
| 


the MODEL's type: - 


a) When OPO calls for the execution of a type 0 MODEL, | 


OPO always sets MTF to 0. 


b) When calling a type 1 MODEL, OPO always sets MTF 


to 0 or l. 


c) OPO always sets MTF to 0 or 2 when calling a 


type 2 MODEL. 


When a MODEL, regardless of its type, is called by OPO 
with MTF set to zero, it must perform the following two ac~ 
tions: 

a) The MODEL must reset MTF to its type, i.e., a 


type 0 MODEL leaves MTF alone, a type 1 sets MTF to 1,. 


and a type 2 sets MTF to 2. 


‘b) The MODEL must compute ¥ (X). 


When a type 1 MODEL is called by OPO with MTF set tol, 
the MODEL is expected to compute the vector 
o¥ (X) 


ox, 
we tal 


where j is also set by OPO (refer to 5 below). 


When a type 2 MODEL is called by OPO with MTF set to 2, 
the MODEL is expected to generate a complete LP matrix exclusive 


‘of the right-hand-side. 


2) Bulk Controller Number (NBC) 


Numerical values are communicated between OPO and a MODEL 
via bulk memory areas assigned by OPO. OPO sets NBC with the 
number of the controller in charge of the designated bulk mem- 


ery device. A MODEL dces not alter the contents of NBC. 
3) Independent Process Variable Communication Area (LOCX) 


OPO sets LOCX with the bulk memory address of the first 
independent process variable to be used by the MODEL in its 
current computations. The remainder of the independent vari-~ | 


able values follow the first in double precision locations. | 


The called MODEL utilizes the contents of NBC and LOCX 


to locate X._ 


4) Dependent Process Variable Communication Area (LOCY) 


OPO sets LOCY with the Bulk Memory address of the first 
location in the area where the MODEL is to deposit its com- 


puted results. 
A type 0 MODEL stores the vector Y(X) in the area. 


A type 1 MODEL, if called with MTF set to zero, also 


stores Y(X) in the area. If the MODEL is called with MTF 


set to l, it stores.3sY(X) in the area. 


OX. 
J 


A type 2 MODEL, if called with MTF set to zero, stores 


* 


Y¥(X) in the area. If called with MTF set to 2, the MODEL 


stores oY¥(X) , aY(X) ,... in the area. 


ox) ox. 


ooo = 
wwe - ae a 


See Appendix K for MODEL result storage rules. 


5) Index Value (JMODL) 


This parameter, set by OPO, is utilized only by a type -l 
MODEL. The value of JMODL specifies the independent process 
variable with respect to which partial derivatives of Y are 


t 


to be taken, i.e., a¥ (X) #5. 26 


‘These five items are contained in common storage at location 


OPOMOD. ~° Each item occupies one full word. 


5.5 STEP LIMITS 


“When a type 0 MODEL is ueeee ie is possible for the optimizer 
to determine the curvature of the dependent variables with respect’ 
to each independent variable and to limit the size of the step 
that may be taken by the solution before re-linearization is nec- 


essary. 


The step limit is determined for each X as follows: 


2 EOE: |! SEGA ane 
ng = Min ES , a Y (X=dx) - aes = ¥(x) 


x ally > ae 6 


where X, is the step limit, dx is the increment used in computing 
: 
partial derivatives with respect to X, and dy is user input for 


this calculation. 


When type 1 or 2 models are used, step limits cannot be cal- 


culated as above and the user input values must be read. 


The user may input both absolute and fractional step limits. 
In this case, the step limit used for the calculation is the 
largest of the two. | 

ES, = — s,. ae on] — " _ : : 


5.6 IMPLICIT VARIABLES 


Implicit variables take the form Y= £(X,Y,). For a solution 


to be meaningful the condition Yy = YS must be satisfied. 


This condition is satisfied in OPO by forcing the difference — 


\ eae oe to be equal to zero. 


¥, is a member of the independent variable set and the differ- 


ence Y, - Y, = £(X,Y,) - ¥, is a member of the dependent variable 


If there are I implicit variables in the problem (vy ~ Y,,) 
must be the first I members of the dependent set following the 


objective function (Y; - Yyz). 
5.7 EXAMPLE MODEL 


To illustrate the functions of a MODEL and its interface ‘with 
OPO, an example of a MODEL which simulates a simple process is de- 


scribed below. 


“The process unit is a iyPORBEe reat reactor which yields three 
products: X, Y, and Z. The amount on each yield product is a 


function of temperature (T), pressure (P), and feed quantity (F). 


X(F,P,T) = {4(.004P + .78) [T-300) (py F 


Y(F,P,T) °“{.865 x 10 ~3 (~.002P + 1. “1D [(t- 300) (220) "Ih F 


Rai ae Bs ee) = eo 


The objective of the optimization is to determine. the tempera- 
ture and pressure settings that will maximize the total value of 


the reactor products. The spiderive Pineeiion: is 


_V(P,T) = 100 X(F,P,T) + 125 ¥(F,P,T) - 552°(F,P,T). 


For the purposes of illustration, a type i MODEL is presented. 
To prepare a type 1 MODEL, the equations for sie partial deriva-. 
tives of the dependent process variables with respect to each of 


the independent process variables are required. These are: 


9X (F,P,T) a2 (Fs Pp t) 


oV(F,P,T) ov (F,P,T) 
ager LOU ei OG a Oe (YP 7) 
aV(F,P,T) _ SX (F,P,T) oY (F,P,T) , : 
Spo 0 10 a Ss ORF PLE) 
IV(F,P,T) ax (P,T) oY (P T) , 
Sigg LOO ag ae gg oe (ey ee 
_ oX(F,P,T) 300 

ee, “AC Odes +78) [(T-300) (95) 
ax(F,P,T 300 

Oe MPP rE) = e(.016(T-300) (2-9), 

| T 

OX (F,P,T) 2 

Sp sC= «F(-1200(.004P + .78)T7*(1-600T7!) 

3Y (F,P,T) ee a= | | 300 \-° 
“aR = 865 x 10 7 (-.002P+1.11) [ (T-300)| =E- 

av (F,P,T) | 26 3001.5 

2a) ae e(-2.73 x 10 (T-300) ("PF 

re _4 1.5 ; 
Awe ae = F(-4.32 x 10 7 (- 002P + 1.12) (300) (1-200) ) 
: p 7 oe 

( : he. 

S2tF Pet) jog - OkFoP,T) «oY (F,P,) 

OF aes ak i ene OF - 

oZ(F,P,T) ~OK (Fe P ~ax (P,P) T) oy (F,P,T) 

30 a. Re 

spas fon dy (F,P,T) 

“3ST 


OT j 


S210 


= 


In the Free-Time FORTRAN Program presented below, the follow- 
ing relationship between mathematical symbols and programming sym- 


bols will exist: | 


Mathematical Symbol | eageannine Symbol 

F . X (1) 

pe oo | X (2) 

‘ Oo | X (3) 
V(F,P,T) , ¥ (1) 
X(F,P,T) | - ¥(2) 

Y(F, PT) . ¥ (3) 
Z(F,P,T) ; -y(4) 


The partial derivatives of V, X, Y, and Z-will also be stored 


in Y(1l), ¥(2), Y(€3); ana Y¥(4), respectively. 


An additional note required before presenting the MODEL 
program: the permanent core symbols, MTF, NBC, LOCX, LOCY, and 
JMODL, are available to a FORTRAN Program only if the Free-Time 


FORTRAN compiler is used. 


ee 


Nn AN 


“SAMPLE TYPE 1 MODEL 


MTF sNBCsLOCXs_LOCYsJMODLs ARE DEFINED IN OPO COMMON 
DIMENSION X(3)sY¥(4) 
OBTAIN VALUES OF INDEPENDENT PROCESS VARIABLES FROM BULK: MEMORY 
READ DISC (NBC) eo (LOCX)»s X- 
CALCULATE COMMON SUB-EXPRESSION | ~ 
T1=X(3)-30020 
CALCULATE Y(X) | . 
Y(23=(4e0 * (.004%X(2)+e78) * T1 * (300¢0/X(3)*¥%2)) * X(1) 
Y(3)=(0.865E-3 * (~,-002%*X(2)+1611) * Tl * (30000/X(3))**¥165) 
] * XC1L) - 
Y¥(4)=X01) ~ ¥C2) - Y¥C3) 
BRANCH ON TYPE OF CALL 
GO TO (105320)5 MTFH1 
TYPE O CALL - SET MTF AND COMPUTE OBJECTIVE FUNCTION 
10 MTF=1 
Y(2)=100.¢0*% ¥(2) + 125e¢0*%Y(3) ~- 55e0%(Y(4)*%2) 


GO TO 60 
TYPE 1 CALL ~ COMPUTE PARTIALS 

SAVE Y(4)=Z2(0P5T) . 
20 T2=Y(4) 


BRANCH ON INDEPFNDENT VARIABLE NUMBER 
GO TO (25330340). JMODL 
COMPUTE PARTIALS WITH RESPECT TO F 
25 ¥(2)=4.,0 * (,004 * Ki2) + e788} * Ti * (300.0/K(3)**2) 
Y(3)=8.65E-4 * (-.002 * X(2) + Lell) * T1 * €30000/X(3))**1-5 
¥(4)=1260 ~ ¥(2) -Y(3) 
GO TO 50 
COMPUTE PARTIALS WITH RESPECT TO P 
30 Y¥(Z)={e016 * T1 * (30000/X(3)%*2)) * X11) 
Y(3)=(-1Le73E-6 * T1 * (300¢0/X(3))**¥1.5) * XC1) 
Y¥(4)=~Y¥(2)-Y(3) 
GO TO 50 
COMPUTE PARTIALS WITH RESPECT TO T 
40 Y¥(2)=(-1200.0 * (c6004#X(2)+.78) * X(3)*%*(-2) 


1 % €1.0-600¢0/X(3))) * X11) 
eid (-46325F-4 * (~2002*X(2)4+1le1l1) * (300.0/X(3))*%105 Rs 


1 *¥ €1.20-9002¢0/K(3))) * X11) 
Y(4)= SYt23-¥03) 
COMPUTE PARTIAL OF OSJECTIVE FUNCTION 
50 Y(1)=100¢O*¥(2) + 125.0*Y(3) - 1100¢0*T2*Y(4) 
TRANSMIT RESULTS TO BULK MEMORY 
60 WRITE DISC (NBC)s(LOCY)»s Y 
STOP ; - 
END 


Figure 5-1 Sample Type 1 Model: 


SECTION 6 - DATA SETS 
6.1 INTRODUCTION 


The data furnished by the user to OPO is divided into the fol- 


lowing classifications: 
1) Unit Common Data Set 


a) Required data 


b) Optional data 


2) Optimizer Data Set (ODS) - 


a) Required data 


b) Optional data : 
6.2 UNIT COMMON DATA SET 


A unit common data set (unit common) consists of the names 
of the variables in the process unit, editing restrictions on ODS 
data, unit operating parameters, and other data pertinent to all 
ODS/Ms in the unit. Gate conan is primarily utilized by the OFO 
data management facilities to perform file maintenance and to edit 
ODS input data. Unit common data must be entered in OPO before 
any ODS is constructed in the unit. The elements of a unit common 


i 


are named and defined in Appendix B. © 


“A unit common data set is divided into required and optional © 
subsets (which are identified in Appendix B). The required sub- 


set consists of the process variable names and several parameters 


required for proper allocation of the bulk memory area to hold 


unit common and ODS data sets to be included in the process unit. 


Some of the elesiiseess in the optional data subset have de- 
fault values. These are the parameters which specify the epangaea 
operator responses for error classes 1 through 5 (refer to ‘Section 
5) The remainder of the parameters are editing restrictions on 


ODS ;jparameters. 
I 


All vectors in the optional subset of unit common are editing 
restrictions on ODS vectors. Each ODS vector name has two aseee 
ciated unit common vector names: j1) the name of the vector hold- 
ing lower editing restrictions on the ODS vector, and 2) the name 
of the upper editing restriction vector. If a-user furnishes OPO 
with data for an ODS Gegior (either required or optional), the eee 
responding unit common editing vectors are not required. If one 
or both of the editing vectors ts furnished with data, the indi- 


cated type of editing is applied by OPO to any input ODS data. 
6.3 OPTIMIZER DATA SET 


An optimizer data set (ODS) consists of data utilized by the 
OPO optimizing algorithm. The components of an ODS are named and _ 


defined in Appendix Disses 


' The required data subset must be furnished by the user in 
order for the optimizing algorithm to operate. -One subset compo- | 
nent of special interest is MODL. This is the program number of 


the user supplied process simulation program (MODEL). 


The components of the optional data subset are not required 
for operation of the optimizing algorithm. The majority of these 
components are tolerance parameters and process variable bounds. 


If the user supplies data for them, the optimizer will utilize it. 


genie components of the optional data subset have default 
values. If the user does not sieeign ane components, OPO will 
eur oteLecen utilize system-defined values. These data items, 
which are identified in Appendix A, are required for SaeeeeeR of 


the algorithm, but it is not required that the user supply them. 


ODS data is input to OPO via data statements used in conjunc- 


tion with a BUILD TEST DATA SET (BTD) command (refer to Section 7.2.3) 
6.4 DATA EDITING 


OPO can edit for consistency those elements of an ODS for 
which the user supplies data. In general, editing consists of - 
comparison of an ODS datum against a lower restriction and an upper 
véeeerer ion as the datum is input into the ODS. Whenever an ODS 
datum violates an editing restriction, an error diagnostic is 
emitted and the operator is given an opportunity to correct the 
avon. (Refer to Section 9 for a owecaceatiea discussion of 


error processing). 


‘The user controls OPO's performance of editing in, the follow- 


ing manner: he ee ee ea ‘ 


1) Each ODS vector or parameter that may be edited has corre- 
sponding editing vectors or parameters in unit common (refer 
to Appendix B for the correspondence) . 


2) If the user suppres data for an editing vector or pete 
eter, then that vector or parameter will be utilized; that is, 
editing will be performed on the appropriate ODS vector or 


| parameter as it is being loaded. 


Appendix B lists the editing parameters and vectors which may 
be added to a unit common data set in addition to the ODS param- 


eters and vectors which they affect. 
6.5 EXAMPLE 


To illustrate ane basic eee of the preceding sections, 
an example of an exceraad OPO job- is presented below. The example 


consists of two parts: 
1) Two tasks expressed in external command format. 


2) Task management function calls that an external user 


might make with respect to the tasks. 


‘ _ NOTE 


A third pate, ‘the program MODEL, appeared 7 
in Section Dis : a Ay 


. PARsUMXTs1050s UPMNsleE-4 


BOTsAAsls1sU 

LUCs39330510128 

DCL sUXUB »LXUB sUYUB ,UXLB»LXLBsLYLB 
SETsUYUBs1-0s LYLBs020 


TBXs UXUB LXUB UXLB LXLB. 
FEED 100000.0 99000.0 5000020 5000.0 
PRES 150.0 14969 5520 055E1 
TEMP 700.0 650.0 3e25E2 ' 30020 

TBY > 
PRODI 
PRD2 
PRD3 

ENT 

DEF sUXUBsLXUBsUYUB, UALS AES Eres 

END 

£0T - 

BOT »ABele1sD1 

BID» : = 

SET sXEMLs1bE-29 YEMLoleE-29 YUPB91e0s YLOBsO0» XSTTs00es XUPBs0o0> C 

XLOB2s00es XAML s0e9XAStL 900s YAML906¢ | . 

PARsMODL 3465 RLOCs1403005» RBCNs0% RPRGs22 


CESEED 


© © 


oho) 


Q 


TBX> XSTT XUPB XLOB XAML — XASL 

FEED 75600,0 100000.0 300000 1000040 100020 

PRES 55.20 150.0 5020 520 5605-3 

TEMP 600.0 70040 300.0 1020 lef~2 
ENT | . : ss 
TBY» YAML a 
PRD1 ° leE-2 

PRD2 2-E-3 
PRD3 6s E=3 Pe ee 
ENT 


DEF »XFML » YFML » YUP, YLOB »XSTT »XUPB»XL0 OB sXAML »XASL » YAML 
END 

SOL 91 

FIL e9/17567s XSTTsO9 YSTTs64s RDCTs128 


Figure 6-1 Example Tasks (External Format) — 


~ 


6.5.1 Tasks 
Briefly, the function of the first task, AA, re to establish 

a unit and load the unit common data for that unit. The second 

task establishes a test ODS, loads the data for the ODS, calls 

for an execution of the optimizing algorithm, and transmits pees. 

to a real-time functional program. The encircled numbers to the 


right of the commands refer to explanatory notes following the 


tasks. 


The following notes correspond to.the encircled reference 


numbers in the right-hand-margin of the preceding listing. 


/ 1) The first task is identified by the characters AA, has 
priority 1, and is directed at unit 1's unit common data 


set (refer to BOT Command, Section 7.2.1). ”’ 


(2) (The process unit will have 3 independent process variables, 
3 dependent process variables, and no implicit process vari- 
ables. The unit will require no more than 10,128 words of 


bulk memory storage (refer to LUC Command, Section 7.3.2). 


3) Six optional unit common editing vectors are declared 
(refer to Sections 7.3.1 and 7.3.2 for further discussion 
of the DCL Command and Appendix B for discussion of unit 


» 


common editing vectors). 


4) The editing vectors UYUB and LYLB are initially loaded ~ 
with the values 1.0 and 0, respectively. The SET data 
statement is discussed in Sections 7.3.1 and Cedi a=" 


e 


9) Two of the optional unit common parameters, UMXT and UPMN, 
are loaded with values (refer to Sections 7.3.1, 7.3.2, and | 


Appendix B). 


6) Four editing vectors associated with the independent 
process variables are loaded with data using a tabular input 
format. The names of the independent process variables are 


to be FEED, PRES and TEMP. (Refer to Sections 7.3.1 and 7.3.2.) 


7) The value card deck following the TBX data statement is 
terminated by an ENT (END TAB) data statement. (Refer to 


Sections 7.3.1 and 7.3.2.) 


a 


8) The names of the three dependent process variables are 
to be PRD1, PRD2, and PRD3 (refer to Data Loading in Section 


Te362) 2 


9) The DEF Command causes the vectors named in the command 
to be marked as defined in the unit common data set and these 


named vectors will be used. 


10) The END (END DATA) data statement terminates the LUC 


command. (Refer to Sections 7.3.1 and 7.3.2.) - 


11) The EOT (END OF TASK) command terminates task AA. 


(Refer to Section Te2cle) 


12) Task AB has priority level 1 and is directed at ODS 


“number 1 in unit l. 


6 


13) A test ODS is to be constructed in the unit. (Refer to 


Section 7.3.3). 


14) The real-time functional program number, 46, of the MODEL 
to be associated with this ODS is loaded into MODL. ‘The OPO 
optimizing algorithm is to stove the-eptinized independent — 
process variable values in Hane, starting in bulk Veeakton. 
140300g. The disk is controlled by disk controller number 0. 
The algorithm is to turn on real-time functional program num- 


‘ber 22 which will utilize the results. (Refer to' Section 7.6 


and Appendix A.) . 


15) Various ODS vectors are to be loaded with data using ‘the 


tabular input format. (Refer to Section 3.3.2 and Appendix A.) 


16) The DEF command causes the vectors moved in the command 
to be marked as defined and they may be used by subsequent 


commands directed at the optimize data set. 
17) The END command terminates the BTD command. 


18) The optimizing algorithm is to operate on the ODS using. 
its seeeciatad MODEL. A scratch basis will be used for the 
first step. (Refer to Section 7.6.) 7 | 

19) the contents of the vectors XSTT, vsTT, and RDCT are to 

be stored in a bulk memory communication Seca wien is speci- 
‘fied in the interlock status block located at address 17567, 


in permanent core. (Refer to Section 7.5 and Appendix H.) . 


ae 


20) Real-time functional program number 24 is turned on, 
presumably to utilize the data placed in the communication ~ 


area by the preceding FILE command (refer to Section 7.5.1).. 
21) Task AB is terminated. 


22) The FIN card terminates the task sequence. 


6.5.2 Task Management Functions 

, | : | | 

An external user is required to call on the task management 
function GET TASK in order to enter a task into the system from 
the card reader. In addition, the example below contains a call 
_on the STATUS function to obtain a report on the physical sees 
ture of the wae ana the data sets. | 

The example is in the form of a facsimile of the communication 
between operator and OPO on the I/O typer. Lines typed by OPO or 
the MONITOR are denoted by a t in the left-hand-margin; lines typed > 
by the operator, by *. Neither the + ox > Wit -actuatiy appear 

on the I/0 typer output. It is assumed that the operator has 

| loaded the tasks from the preceding section in the card hopper and 
has depressed the input button on the 176) tepee | 
* OPOS 
t CARD TASK-1) DELETE-2 MOVE UP~3,STATUS~4 
x 1 | | a | 
+ END JOB. 
+ END TASK AA 


t+ END TASK AB” 


Here, the two tasks have been executed by OPO and the operator © 


wishes to check the status of the task queues. 


* 


~ 


ate 
4 


OPOS 


the input button on the I/O typer. 


- 


CARD TASK~-1,DELETE-2,;MOVE UP-3;STATUS~-4 


4 

QUEUE STATUS REPORT 
OPO BULK /604400 0 
UNALLOCATED OPO BULK 
UNIT 1 DESCRIP/16043 
QUEUE EMPTY 


BASE 


DATA SETS 

U 4606000 © 
i. /607000 
END REPORT 

END JOB 


124036PM 10-23-66 


/700000 


1634700 /562500 


He again depresses 


UNIT BULK /606000 /23700 


LENGTH 
/1000 


/3500 


Task management functions are described more fully in 


Section 8. 


SECTION 7 - COMMANDS 


The commands defined in the OPO system piovide- sacl tities 
which enable a user to establish models in the systen, suaex the. 
execution of the optimizing algorithm euide the data in any one 
ano optimizer data sets, and transmit the results produced iy 
the algorithm to any of several destinations, depending upon how 


the results are to be utilized. 


Specifically, the commands may be separated into six groups 


as follows: 


1) TASK DELIMITING COMMANDS ~~ . 
2) INPUT COMMANDS. | 

3) CONTROL COMMANDS 

4) COMMUNICATION COMMANDS 

5) SOLVE’ COMMAND | 


6) OUTPUT COMMANDS 


The task delimiting commands demarcate a task for OPO. The 
input commands eee used to establish units and data sets and to 
enter data into the system through peripheral devices. One of 

the communication commands allows the user to obtain data for the 


system from functional programs not . incorporated in OPO. 


The SOLVE command is used to order an execution of the opti- 


mizing algorithm. 


Displays of che solution peRUetes in addition to other perti~ 
nent information, are accomplished through use of the output conm- 
mands. If the pecans are to be utilized by other GE/PAC func- 
tional programs, one of the communication commands will accomplish | 
the required transfer of data. Output ere ee also used to 


produce printouts of system information for debugging purposes. 


The final group, control commands, furnish facilities for the 
deletion of aniee and data sets, installation of control data saees 
a, synchronization of ‘the executions of tasks with those of ex- 
ternal functional programs. A fallback command is also provided 
which allows a eae to be easily reestablished should it be inad- 


vertently destroyed. 


7.1 COMMAND REPRESENTATION 


OPO commands and gave statements have both an external and an 
internal representation. The external representations, which are 
used for tasks entering OPO through the card reader, are card- 
oriented and designed for readability. The internal representa- 
tions are utilized for tasks generated by functional programs not 
incorporated in OPO, e.g. a process pont tering) <real=tines func- 
tional program. The internal representations are designed for 


compactness and for ease in generation. by functional program. . 


The external representations, because of their ace ta L 
are used throughout the discussion of commands and dats statements 
in this section. | The Pntomial eer tacaere are not presented — 


in this section, but are / found in Appendix D. 


7.1.1 General External Representation | 


All OPO commands and data Seeeenenee with the exception of 
tabular input statements (TBX, TBY, and ealue statements) share { 
common card davout: The command and data statement keywords appear 
in columns 1 through 3. A Soni (,) in column 4 separates fe Rage 
word and parameter fields. If the parameter field is blank, the 
cone need not appear. The command and data statement parameters 
start in column 5 and may extend through column 67. Column 68 is 
used for command and statement continuation control. The remain- 
der of the card, columns 70 through 80, is used for Biceven identi- 
fication and sequencing. Figure cea depicts the card fields while 


Table 7-1 defines the possible contents of the card fields. 
7.1.2 Continuation Control 


When the parameter field of a single card cannot accommodate 
all the desired parameters, the command may be continued into the 
parameter field of another card by placing a "C" in column 68 of 


the card being continued. 


There is no restriction on the number of cards comprising a 
command or statement. The only restrictions involved in continu- 


ation are: 


* 


1) A "C" must appear in column 68 of each card, except the 


last, in the command or data statement. a 


Table 7-1 


68 


70-80 


Command and Data Statement Formatt 


Field | 


Keyword Field: Contains one of the following 
keywords = BOT , EOT, LUC, BTID, MOD, DCL; PAR, 
SET; ALT; DEF, ENT, END; FIL, GET; ATD; DTD, . 
DUC TOP, SAV, SOL, PRT y MAT; or DMP. 

The keyword field is utilized only in a 
first card of a command. 


Column 4 contains a comma (,), separating the 
keyword and parameter fields. 


Command and Statement Parameter Fteld: 


Contains the parameters (if any) of the com- 


nabd or data statement separated by-commas. 

The various types of parameters are: 

1) vector names, 2) variable names, 3) task 

identifiers, 4) data set indicators, 

5) decimal, floating-point numbers, 6) deci- 
mal, integer numbers, and 7) octal, integer 

numbers. Two consecutive blanks will termi- 
nate the parameter field prior to column 67. 


Continuatton Field: A "C" is punched in this 
column of each card that is continued. This - 
"C" should appear in each card of a command 
or statement except the last card. 


Card Identtfteatton Field: May be used for a 
card sequence number, Beegeen ‘identification, 
or left blank. 


the format described in this table and in 


Figure 7-1 does not apply to tabular 
input statements (TBX, TBY, and Value cards). 


Their format is described in Section 7.3.1. 
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3 PARAMETER FIELD 
(Columns 5-67) 


CONTINUATION FIELD 
“(Column 68) 


3 


(Column 4) 


a 3 “ 


UNUSED 
(Column 69) 


| CARD IDENTIFICATION FIELD’ 
ae (Columns 70-80) 
KEYWORD FIELD. . °° - 
(Columns 1-3) ; 


+ 


Tabular input statements (TBX, TBY, and Valtie statements) do not 
conform to this. format (refer to Section Tees 1) 


+ 


Figure 7-1. External Format Card Fields” 


2) The keyword field (columns 1-3) and column 4 May not be 
utilized on any card of the command except the. first. 


Neither can column 4 be utilized on any card in the command. 


3) A parameter must not be split between two cards; Q.g. a: 
portion of a name must not appear on one card while the re-_ 
mainder of the name appears in the parameter field of the . 


next card. 


3 OPO Character Set: 


The OPO commands and data statements, in their external rep- 


resentation, utilize the following character set. 
| 


Alphabetic - A through 2 


Numeric 0 through 9 
Special Characters += f/f. , blank 


The elements of OPO commands and data statements see con- 
structed of characters drawn from the shove set. Typically, OPO 
commands and data statements consist of a keyword followed by a 
list of parameters. Parameters may be classified on the basis of 
structure as follows: vector names; variable names; task identi- 
. idee: data set indicators;. seen gi aa oaionss task priority; - 
decimal, Ciostineiosae enberes Seciwat integer numbers; and 
octal, integer numbers. The form of Sache tees is defined in the 


subsections below... _ 


c. 


7.1.4 Vector Names 


Vector names, which are system-defined, consist of exactly 
four alphabetic characters. The vector names are listed in 


Appendices A, B, and I. 
Examples: XSTT YLTR RDCT | 
q.165: Variable Names 


The names of process variables, which are defined by the user, 
May consist of one to four characters. The comma (,) is the only 
character which must not be. used in a variable name. The first 


' character of a name must be an alphabetic character: 


Examples of valid variable names: 
PRES Y/2 | I6B 
X1, . AB-4 |. Y3/2 

Examples of invalid variable names: 


4AB TEMPL 
/B3 +B 


7.1.6 Task Identifiers 


Task identifiers are defined by the user and must consist of 
exactly two characters. The comma (,) and. the blank are the only 
two characters which may not be used in a_task identifier. 

Examples of valid task identifiers: © 


AA . BE! fA 
43 82° Ae 


Examples of invalid task identifiers: 
Bo +, TSK = Cy 


7.1.7 Data Set Indicators 
There are three forms of data set indicators. 


Form 1: U 


U implies the unit common data set in a unit. 


Form 2: C 
C implies the control optimizer data set (control ODS) 


in a unit. : re 


Form 3: Dn ’ O<n<9 
Dn implies the nth ops in a unit, based on the order in 


which the optimizer data sets were built. 


i 


7.1.8 Activity Indicators 
- There are two forms of activity indicators. 


Form 1: A 


A implies activate. 


‘Form 2: I 


I implies deactivate. : 


7.1.9 Task Priority 


A task priority is a decimal integer n in the range 0<n<99. 
Priority is directly proportional to the ascending integer 


‘sequence 0,1,..., 98,99. 
7.1.10 Decimal, Floating Point Number 


Decimal, floating point numbers: are represented by a string 
of up to 11 decimal digits and either a decimal point or an ex- 


ponent representing a power of ten. The permitted forms are: 
nE n. n n.n nEte n.Ete -nEte n.nEte 


n is the base; e is the exponent to the base 10. The range of |E| 
is 0 through 77. When e is positive, the sign preceding e may be 
omitted. Each of the forms may be preceded by a + or - sign. 


Single imbedded blanks will be suppressed. 


Examples: . 
~0.999 999 99999E77 4 4E 
‘46E-3 | 3.6462: 


7.1.11 Decimal Integer Numbers 


‘A decimal integer number is represented by a string of up to 
| seven decimal digits. Decimal integers are restricted to the 
range 0 through 8,388,607. Only positive decimal integers are 
Yelids! ee a ere * 

Examples: 


4 62308. 994 
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7.1.12 Octal Integer Numbers . 


An octal integer is represented by a slash (/) followed by a 
string of up to eight octal integers. Only positive octal integers 


_ are valid. The octal integer range is 0 through 377777778. 


Examples: 


14 = /39TTTTT7 /602 


7.2 TASK DELIMITING COMMANDS 


i 


The BEGIN TASK (BOT) and END TASK (EOT) commands serve as 
task delimiters. A task is a sequence of commands directed to a 
particular data set within a specific unit. This data set may be 


the unit common, the control ODS, or any one test ODS in the ‘unit. 
7.2.1 BEGIN TASK Command 
Syntax 


Column 1 5 


n, - task identifier 


N» task priority | 


M3 - unit number; a decimal integer 


er data set indicator ~ oe 
Example: 
Colum. 1 5 
BOT; 24,46,3,;D4.- 


pipe ee 


tion 


A BOT command must be the first command in a task. In addi- 


to denoting the beginning of a task, the BOT command has four 


associated parameters which describe the task to the OPO. These 


parameters are: 


nme emmy 


- we center meee few Ae nee mee nme cae ate Ones arn ieee em ote o amnenen See 
ee weet be sel See ame 


‘1) Task Identifier - This user-supplied identifier identifies 


, 


the task to the OPO and is specified by the user whenever he 


'; wishes to move the task or delete it. The identifier should be 


unique within the unit to which the task is directed. 


2) Unit Number - The unit to which the task is to be applied 


must be identified. 


3) Data Set Indicator - The gate set indicator specifies 
which data set within the unit is to be the object of the - 
task. There are three permissible settings for this param- 
eter: unit common (U), control ODS (C), or the letter D 


followed by n representing the number of a test ODS (O<n<9). 


4) Task ePiseity - mia ase Nestea his task a priority 
which is used by the OPO in scheduling the execution of the 
leks: A tasks' priority remains constant for the life of 
the task. The priority value is a decimal integer in the 


range o<n<99. 
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7.2.2 END TASK Command 
“Syntax | 


* 


Column 1 


EOT 
The END TASK command serves only as a task delimiter and marks - 
the end of a task. 
= 
7.2.3 FIN Control Card 


When a series of task are submitted through the card reader, 


the last task must be followed by a FIN card. 
Syntax 
Column 1 
FIN © 
7.3 INPUT COMMANDS AND FORMATS 


Three commands are provided to furnish data input facilities. 


These are: 


LOAD UNIT COMMON (LUC) 


BUILD TEST ODS ©. (BID) | 


MODIFY 


The first two commands, LUC and BTD, are used for unit common 
and ODS establishment, respectively. MOD is used to modify and 


- update data sets after the unit and its data sets are established. 


LUC, BTD, and MOD commands physically precede specifications 
of data. The various types of data cards that comprise the data | 
specifications are described in the following subsection. The 


SnpUE commands and their uses are described in later subsections. 
7.3.1 Data Formats 


There sects types of data cards: Declare (DCL) , ayeean. oF 
Parameter (PAR), Set (SET), TAB (TBX sa gice a ar Define (DEF), and - 
Alter (ALT) . Two additional statements, the End Data statement 
_ (END) and the End Tabular statement (ENT), sce need to denote the 
end of a sequence of data specifications. . : | 

The format of each data card is a combination of fixed and 


free field. Certain information on the cards must be punched in 


-system-defined positions on the cards. 


1) DECLARE - The Declare card contains a list of system-_ 


defined vector names. It has the following format: 


Syntax : 
Column . ae 5 
3 DCLiv, ean eR 7 ? , . of bee : 
v; ~ a four character vector name (refer to Appendices A and B). 


Example 
Column 16 28 


~DCL,XDEL,YUTR»YDEN,XLTR © 


This card is used in conjunction with the LUC and BTD 
seaman to declare the vectors har will be utilized in Gate 
common and optimizer data sets. Declaration of a vector name 
jcauses an area in OPO bulk storage to be aitecated to the 
vector. . 

Vector names that nage appease in a DCL statement are de- 


fined in Appendices A and B. ., 


2) SYSTEM PARAMETER - The PAR statement is used to specify 


the values of system parameters. 


Syntax 
Column 1 5 
PAR+Py7Vy1PoVoress 
Pp; 7 a four character system parameter name (refer to - 


Appendices A and B). 


Vv; 7 a numerical value which may be: ; 
(1) decimal, floating point 
(2) decimal, integer - , 


(3) octal, integer 


PAR MXIT ,1050;RLOC,24025,DZR0,1.5E-6 


ad 


The parameter names are system-defined. The permissible 
values vary with the parameter and its definition (refer to 
Appendices A and B). ‘PAR statements may be used with a BUC. 


BTD, or MOD command. 


3) SET - The SET statement is used to specify initialization. 


septiene for data set vectors. The statement appears as 


Syntax _ 
Column lt 5 
SET;v, 1O} 1V¥o190re ee 
Vv; 7 a four character vector name ~ 
Oo, - a set option which may he: - 
(1) decimal, floating point number, 
(2) Dn, where n is a model number, 0<n<10 
(3) A 
(4) I 
Example 
Column a 5 


eee enema rer te 


There are four SET: eee defined. _The fast two options 
(c and a) ios oe to the process variables. "These four 


options are: | 


a) ODS Number 

b) Initialization Value : 

c) Active 7 

a) Inactive 

The ODS ‘number option means fyse values for tlie aésoctated 
vector are to be obtained from the vector of the same name in 
the specified ODS. This option may be used only when the SET 
card is under the contest of a BTD or MOD command. It may 


not be used with a LUC command. 


The initialization value option is expressed as a double 
precision, floating point numerical value. All elements in 
the associated vector are filled with this numerical value. 


It may be applied to vectors in a unit common or in an ODS. 


The active and inactive options apply only to selection 
of the set of process variables that will be active in the © 
LP problem of a particular ODS. This selection will be dis- 


cussed in the descriptions of the BTD and MOD commands. 


4) TAB (TBX and TBY) - The TBX and TBY cards and their asso- 
ciated value ee provide a tabular input form for loading 
elements of several eaceeue with’ a Single record from the 
system input device. The TAB cards specify vector names — 
and establish a correspondence between card fields and those . 
names. Succeeding value cards contain ‘the data to be loaded 
into ‘the vectors. Continuation control does not apply to . 


weabu Lee input data statements and value cards. 
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TBX Card 
Syntax . 
Column 1 9 21 33. 20 45 57 


TEXG oe v Vv Vv 
1 2 3 rn 5 


v.- a four character name of a vector associated with inde-. 
i 7 4 


pendent process variables 


‘Example 
Column 1 9 21 33 £45 °° 57 
TBX, XUPB XLOB XUTR XLTR XFML 


* 


TBY Card 
Syntax 
Column 1. g 21 33 45 57 


TBY, V nD : oy Vv 
Se on Be ok 4 5 


v. ~ a four character name of a vector associated with de- 
1 Z 


pendent process variables. 


Example 
Column ua 9 221 33 45 57 


TBY; YUPB YLOB YUTR YLTR YFML 


Value Cards 

Syntax. 

Column 2 9 “21 933 45 57.0 7. 

X - a one ie four character ‘process variable name 


, ea | floating point, decimal number 


Column 29 ‘210 03300¢~C*«<«‘CS 57 
XX4A +.043692E413 0.2 -4.8E-2 .5E-5 60. 

ENT Card 

Syntax 


Column 1 


_ ENT 


Example of tabular input: 


Column 2 9 2.0 gs 
.TBX, XDEL. XLTR XFML XFSL 
PRVL .556E-6 2.0 e109 soe 


TBY,; YUPB YLOB  YUTR YLTR ~YDEL | 


MTHG 1500.0 750.0 1495. 762.0 .33E-4 


The vector names (v,,V,...) are system-defined. The pro- 


cess variable names (x) are user-supplied and must appear on 


the value cards. The combination of vector name and variable | 
name define a particular field on a particular card;. that :. 
field contains the datum destined for the element of the vec- | 


tor associated with the variable. A blank field ata variable-- 


vector intersection is interpreted to be zero. 
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TBX is used when the succeeding variables pertain to the 
set of independent process Gar iabies. TBY is used with vari- 
ables from the dependent variable set which includes the im- 
plicit variable set. The ENT statement Cateninaese a acne 
of value cards. The Hea.6e these egies is further explained 


in the subsections on LUC and BTM commands. 


5) ALTER ~- An ALT statement is used to assign a value to a 
Single datum in a vector. There may be more than one such 
assignment specified in an ALT statement, e.g., 


Syntax ; : 
Column 1 5 


ALT; Cy el yr VyrCorlorVore-s 


Cs - a four character vector. name ~ 
r; - a one to four character variable name 


Vv; — a decimal, floating point number 
or 
an activity indicator (A or T) - 
Example 
Column i 5 


ALT, XUPB,XXLA,2.0E-1,XLOByXX46 14.5 76E-8 yPVAR sXXLA 1A. 
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6) DEFINE -A DEF statement is used to "define" .vectors, 


A vector will not be utilized by OPO unless its name has been | 


specified in a DEF statement. This statement is included in 


the system in order that a vector will not be utilized unless 


it contains meaningful values. 


Syntax 
iColumn ) 


DEF, VisrV2rece 


v5 - a four character vector name 


Example 
Column 1 5 ; 
DEF, XDEL,YASL;XLTR 
24) END DATA - The END statement carries no data specifica-- 


tions. It is used to mark the end of a sequence of data cards 


of the types described above and to terminate a LUC, BTD, or 


MOD command. 
Syntax 
Column =s_1 


END. ©. - 


7.3.2 LOAD UNIT COMMON Command 


The LUC command causes the OPO to allocate space for a unit 
and to prepare for loading of.editing data. The data specifica- 
tions must immediately follow the LUC command. The specifications - 


consist of declarations of vectors, definitions of process vari- 


able names, and specification of values for vector elements. 


ree 
_: Syntax 


Column a etd 
LUC, Ny ,No,N3,Ny 
nj - number of independent process variables; nj )<100 


Ng - number of dependent process variables; n2<100 
n3 - number of implicit process variables; n3<n2 
ny, - number of words on disk required for all ODS and 


unit common data in the unit 


Example 
Column 1 5 


LUC, 42;73)12;150000 


The first three are self-explanatory. The fourth is the 


number of words required to accommodate, in bulk memory, all the 
data sets that will exist in the unit at any one time. This 
estimate will be calculated by the user on the basis of formulas 


given in Appendix G. . Pete Me 7 | ; 


- 
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Unit Common System Parameters 
Unit Common system parameters consist of editing restrictions 
on ODS system parameters and standard operator responses for error ” 
ge , 


classes 1 through 4. The names and definitions of unit common © 


system parameters are to be found in Appendix B. - 


The user sets a parameter value by specifying the parameter's 
name and the desired value in a PAR data seatenenb:. The user is 
not required to furnish values for unit common parameters. | The 
various standard error responses have system-defined default 
values eee Appendix B) while an unvalued editing parameter implies 
that editing will not be performed on the corresponding ODS param- 


eter. 


Figure 7-5 is an example LUC command and contains a PAR data 


statement. 


Vector Declarattons 


DCL statements which identify ie -caieing vectors that will 
be utilized in this unit causes the aieeation of the seouee 
amount of space for the specified unit common vectors. 

The declaration of a vector. does not mean eae tHe. yeekor will 
be uiequivocally utilized by the OPO; the vector must also be a 
specified in a DEF statement before OPO considers it defined and : 
available for use. The aceeveliGs Gee vector insures Baie ahae 


s values at the 


3 


space will be available for storage of the vector’ 


G 


time they are loaded. The required DEF statement does not have to 
be specified in the LUC command; it may be placed in the data 


7 


specifications of a subsequent MOD command. 


Unit common vectors do not have to be specified in a DCL state- 
ment in order to be allocated bulk memory space. Space will be | 
allocated for a previously unallocated vector whenever its name is 
encountered ina DCL, SET, TBX, TBY, or ALT data statement used in 


conjunction with an LUC command. | 


t 
t 
H 


The vectors in unit common are editing vectors. If an edit- 
ing vector is not defined (in the OPO sense), the type of editing 
it represents will not be applied to the optimizer data sets in the 


i : 
unit. All unit common vectors are named and defined in Appendix B. 


Intttal Value Speetftieatton 


When the user wishes to load all the elements of a vector 
with the same datum, he may do so by using a SET statement with the 


initialization value option. 


The initialization value option is the only option that may be | 


used with SET under control of the LUC command. 
The statement. . 
SET, UXST, 2.30E#2, UXUT, 60.5E-2 — 


causes each element of the vectors UXST and UXUT to contain the > 


values 230.0 and 0.605, respectively. 


tf a vactor specified ina SET spateuent is AOE currently allo- 
cated (e.g. via a DCL statement), it! S appearance in the SET state- 
ment will result in a bulk storage allocation for it. 


Data Loading 


Data destined for vectors may be specified using TBX and TBY 
cards. Because only vectors are loaded using the TAB cards, ali 
ata. on the accompanying value cards are associated with the pro- 
cess variables. The vectors ua aieiaea into two groups: those 
associated with the independent variables and those associated 
with the dependent variables. — ir gestae in a group have the 
same length. The groups are loaded separately; all data associ- 


ated with the independent variables are loaded before the depend- 


ent variable data or vice versa. 


vi ~~ 


_ Figure 7-2 Tabular Data Card Sequence - 


TBX 


More than one set of TAB and value cards are permitted within 
a group when there are more vectors to be loaded than can be named 
on a single TAB card. Variable names are required on each set of 


value cards. 


| The variable names on TBX and TBY value ands have special 
Se reer when used with the LUC command. The eee of a 
variable name on a Gas card following the first TBX or Ene first 
TBY card after an LUC command defines that variable as a process 
variable. If a TBX card is involved, the variable is an independ- 
ent process variable; in the case of a TBY card, it is a dependent 
process variable. A name must appear in the first set gf TBX or 


TBY value cards to be defined as a process variable. 


Column lL 9 2 


TBX © UXST * LXST 

| XL 24 22. 
X2 18 T06 
X3 39 . 38-6 
ENT 

TBX UY AM UXAS 
X4 5E-4 25E-6 
ENT 


Figure 7-3 Variable Name Definitions 


In the example in Figure 7-3, the independent eeeeees vari- 
shies for the unit will be Xl, x2, and X3; XA will not ‘be a 
process: variable because it did not appear’ on a value card follow~ 
_ ing the ‘first -‘TBX. An analogous situation exists with respect. to . 


TBY and dependent variables. 


Figure 7-4 is an example of tabular input and includes TBX, TBY,~ 
value, and ENT statements. The vectors specified in TBX and TBY’ 


statements are unit common editing vectors (refer to Appendix B). _ 


TBX UXST LXST UXUB LXUB UXLB 
XVR1 1025 5 1.75 1620 075 
XVR2 4800 4320 5320 5le 3600 
eg ; 
- ; * : a 
XVRK 10. Be0 ; 156 106 Te5 
ENT 
TBXs LXLB UXAM LXAM LXAS _ UXAS 
XVR1 033” 0 5E-4 0258-4 228E-5 0 14E-5 
XVR2 Bt e876E-5 “ e42E-5 0 5E-6 F e25E-6 
XVRK 723 0 5E-2 045E-2 eTTTE-4 6 33E~4 
ENT . | 
TBY UYUB LYUB UYLB LYLB UY AM 
YV1 2440 2120 -. 2160 170 e4E~2 
YV2 1430-6 1400. 1375.0 1250. 460 
e 
2 
YVN 6B e 6000s‘ 98 50. -@SEW3 
ENT 
TBYs LYAM 
Yv1 o2E~2 
YV2 120 
ae 
YVN e1E~3 
ENT 
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Datum Changes . 


Another data Seaeenene that oe be used in conjunction with 
the LUC command is the ALT statement. Its primary use in this con- 
text is eo eek isolated values in a jactoe that ae Anpersiees 
hecuch specification in a SET statement with the initialization = 
value option. It may also be used to change values that were 


loaded using the TBX and TBY cards. 
j - 


t 


ALT statements used in conjunction with LUC commands must 
follow the required TAB cards in order that the process variable 


names will be defined prior to the appearance of the ALT. 


If a previously unallocated vector is encountered in an ALT 


statement, bulk storage will be assigned to the vector as a conse- 


quence of the vector's appearance in the ALT statement. That is, -— 


Column 1 5 


ALT »UXST 1XV1142.0 
and 


Column 2 Js, 
DCL,UXST 


ALT, UXST»XVL42.0 


are equivalent... — 


Veetor Definttton 


The final type of data oP aeanene that may be used with an LUC 
eonmena is the DEF statement. All vectors specified in a DEF state- 
ment should be fully loaded with data prior to the appearance of the 
DEF statement. If the user epee ries 45 a DEF statement the name 
of an editing vector not fully loaded with data, editing will be 


performed with meaningless restrictions. 


Only editing vectors that have appeared in a DEF statement will 


be used to edit input data destined for an optimizer data set. 


8 


Example LUC Command 


Figure 7-5 depicts an LUC command which utilizes all of the 


various types of data statement. 


LUC 539390310128 
DCL sUXUB »xUYUBsLXUB;LYUBsUXLBsLXLB 
SET sUXAMs e05E~-39 UXASse5E-49 LXAMselE-39 LXASselE—-4s UYUB21e0» LYUBSC 


020 

PARs UMXT»1050sUPMN, 1E-4 . 

TBX UXST LXST UXUB LXUB 
FEED 9700020 95000.0 1000000 9900060 
PRES 13520 100.20 . 150.90 14929 

: TEMP 350-0 15040 70020 65020 

ENT : . . 7 

TBY 
PRD} 

PRD2 | 
PRD3 
ENT | 


ALT sUYLB»PRD1;45000.0~- ae: ho a 
. DEF SUXAMSUXAS LKAMSLXAS SUXST sL XST sUXUB > XUB 
END 


Figure 7-5 | Example LUC Command 
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Several points may be noted in the eevee 


1) The DCL data statement does not contain all of the edit- 


ing vectors specified in the entire command. 


2) None of the vector names specified in the SET statement 
appear in the DCL statement; nevertheless, bulk memory space 
will be assigned to these vectors as a consequence of their 


‘appearance in the SET statement. 


3) The SET statement requires two cards, involving the use 


of continuation control. 


4 


4) Two of the vectors in the TBX statement, UXST and LXST, 
do not appear in the DCL statement. Bulk memory space will 
be assigned to the two vectors due to their appearance in the 


TBX statement. 


5) The TBY statement contains no vector names. The associ- 
ated value statements exist solely to define the names of the 


dependent process variables. — 


6) UYLB, specified in ane ALT statement, appears in no peer: 
statement in the command. Bulk storage will be allocated foe 


UYLB because of its specification ae ALT statement. 


7) +The ALT statement, “which specifies a value on the element 
of UYLB saeoe takes with the dependent process vatiable PRDI, 
is specified Sciex ‘the dependent process variable names hege 


been defined. 


8) Only the editing, or unit - comnon, vectors specified in the 
DEF statement, ore be used in subsequent Soper of ate 
destined for an ODS. This statement is based on the assump- 
tion that a succeeding MOD command directed at unit common 
does not ‘enable' additional editing ee 


7.3.3 Build Test ODS 


ra 


The BTD command prepares the oo system for the Ss2abiPoumene 
of an optimizer data set. Establishment consists of allocating 
space ton ths ODS and loading of data. The data specifications 
for the ODS are expressed in data statements which follow the BTD 
command. The process of building a test ODS is similar to loading 


a unit common data set. However, the two differ in detail. 


The optimizing algorithm is not required to operate ~ the 
entire set of process variables in the unit. OPO furnishes facil- . 
ities for designating a subset of the set of process variables to 
be optimized. Therefore, establishment of an ODS includes setting 
. ecueca lear uetars. declaring vectors to be utilized in the ops, 
loading data into the ODS vectors, and designating the variables | 


to be active in the optimization. 


The data loaded into test ODS vectors during execution of a 
BTD command are subject to editing. The actual application of ao 
type of Corn depends ie the definition of the corresponding 


sate ine vector in unit common. If an editing vector is defined 


(specified in an LUC DEF statement) in unit common, the type of 


editing it represents’ is peer tesi ‘schemes 416 48 not. 


Syntax 
Column 15 


m - an ODS data set indicator (C or Dn where 0<n<9 


Examples 
Column a 5 
BID,D4 | 
BID a | : 


BTD Command Parameters 


t 


The BTD has a single, optional parameter. This parameter is 
an ODS specifier and, if specified, implies that the system param- 
eters in the ODS being built are to be initialized with values 


identical to those of the system parameters in the indicated ODS. 
2 . XS ai 


Any system parameter obtained with this option may be changed 


via a PAR statement following the BTD command. 


| ODS System Parameters 


The system parameters in an ODS may “be set-using a PAR state- 
ment. ‘If the. ayers parameter option appeared in the BTD command, 


veltce specified in PAR statements will supersede values obtained 


as a result of the option's presence. 


The syeren parameters in an ODS are used einaevig: for holding 
information required by the’ optimizing algorithm. Some are utilized 
by the data management portions of OPO. Some of these parameters 
have default values; e.g., if the user does not set a parameter, 
is with hin BTD option or in a PAR Seacenente OPO will set it 
with a system-specified value. The ODS system parameters are de- 


fined in Appendix A and default values are specified where applicable. 


Vector Declarations and Definitton 


The ODS vectors are named and defined in Appendix A. They may 
be classified as required ee optional. The user has the responsi- . 
bility of ensuring that the right required vectors are fully loaded 
with: data prior to the execution of the optimization algorithm. 
Required vectors do not have to be specified in either a DCL ora. 
DEF statement; they are both aiecatea and defined automatically’ 


before any data statement in a BTD command is processed. 


All apeionat ODS vectors that are to be eventually weiss 
must be specified in a DCL statement in order that space be re- 
served for them in the OPO data files. After they have been loaded 
cn data, they must be specified ina DEF statement in order that 
they will be utilized by the optimization algorithm. Optional 
vectors must be declared in a BTD command; they may be loaded ona 
defined either in ane same BTD command Sr a subsequent MOD com—- 


mand. 


Automatte Vector Loading 


SET cards are used to specify types of automatic vector POaCLNG « 
In addition, Burk storage will be avigeacee for previously unallo- 


cated vectors encountered in a SET statement. 


All SET options listed in Section 7.3.1 may be used in con- 
“junction with the BTD command, including the initialization value 


option discussed in Section 7.3.2. 


Because of the inter-ODS communication allowed by OPO, an ODS . 
number option may be’ used in conjucntion with the BTD command. 


When this option is used on a SET statement, e.g., 
Column 1 5 1 5 


SET;vname,Dn or SET,vname,C 


the values for the vector vname are obtained from the vector of the 
same name in ODS number n or in the control ODS. The ODS number 
option may not be used in the establishment of the first ODS in 


the unit. 


The two remaining options, active and inactive, can be applied — 
only to the name PVAR (process variables) PVAR te defined as the 
collection of names oe all process variables. It is not a vector | 
and it is not explicitly Boece by he user. The name’ PVAR is | 
used only in the context OF selection of active asienisen. The SET 
statement | | 7 | 

Column a: 


SET;PVAR VA. = 


results in all process variables being set in active status for... 


this ODS. The statement | 


Column 1 5 


SET;PVARyI 
implies that all process variables are to be inactive in this ODS. 


The ODS number option may also be applied to PVAR. The 


statement 


Column 1 5 


SET;PVAR,Dn 


« 


specifies that the set of active variables in the current ODS is. 


to be identical to that of existing ODS n. 


The active-inactive status of any variable may be specified 
using the ALT statement. This function provides a facility for 
overriding automatic loading accomplished through the use of the 


above options. 


Data Loading 


The TBX and TBY cards, with their sesocweed eadind cards, are 
used to load data from ene ogeten input device. Their use with the 
BTD command iécneveat to their use under the LUC command. Only 
the vector names that may be specified on the TAB cards are dif- = 


ferent. 


The variable names specified on the value cards are solely for 
identification purposes. There is no definition implied by their 
‘appearance. The use of a name that was not defined during loading 


of unit common is an error. 


Datum Changes 


The uses of the ALT aed described in connection with the LUC 
command are permitted with relation to the BTD command. In addi- 
tion to the specification of data for elements of vectors, variables 
may be activated or inactivated using the ALT statement. 


« 


The statement 


Colum 1 5 


ALT;PVAR,X1L;A 5» PVAR,Y4,I 


implies that the variable Xl is to be active in the LP problem 


while Y4 is to be inactive. 


Through proper combinations of the SET and ALT statements, the 
user may minimize the amount of data card preparation required to 
indicate the active variables. For example, if only a few variables 


are to be active such as Xl, X2, Yl, and Y2, the cards 


SET,PVAR,I 


"ALT »PVARyXbyAyPVAR:X29AyPVAR YL7A. 


-ALT;PVARVY2:A 


result in’ the proper status settings. 


~ 


Example BID Command 


Figure 7-6 depicts a BTD command which utilizes the majority 


of the data statements. 


2 


BTID 
DCL sXDEL» YASL . | 
PAR sMODL 946 »RLOCs/40300»RBCNs0% RPRGs22 


SET »XAML 9 625E~35YAML 9 02 5F-— ~29XASL9e3E~45 YFMLsels PVARSAsKFSL 601s 


| XLOB:0eO0sYLOBs 0605 Eur Oyo 1 O00, 0 


TBXs XSTT XUP3B 
FEED. 96000.06 99506020 
TEMP 200.0 67540 
PRES 125.0 149.95 

ENT 

ALT sYUPBsPRD3,90000,.0 

DEF sYFML 9XFSL 

END 


Figure 7-6 Example BTD Command 
Several points concerning the example should be noted: 


1) Only two vectors are specified in the DCL statement. The 


remainder of the vectors named in the command were either 


automatically allocated bulk storage because they are required 


vectors (e.g. XSTT, XUPB, YUPB) or because they were unallo- 
cated when they were encountered in another data statement 


(e.g YFML, XFSL). 


2) The required ODS parameter MODL is loaded with the func- 
tional program number (22) of the user's MODEL.. 


3) “The Naat names in the value statements associated with 
the TBX statement do not appear in the same order as they were 


defined in the example LUC command in Figure i> 5. This is al 


permissible occurrence. 


ae 


5G 


4) No TBY statement appears as all required and desired ODS 
vectors associated with dependent process variables have been’ 


loaded with data using other means. 


5) The DEF statement defines spans two optional ODS 
vectors YFML and XFSL. The required vectors are automatically 
defined and their names do not have to appear in a DEF state- 
ment. All optional ODS vectors whose names appeared in data 
Seesnarce other than DEF have been aieeataa but: are not 
‘defined. ° | | 

6) ess eee te example LUC command in Figure 7-5 and - 
the above example, editing will be performed on the ODS vec- 


tors XSTT, XUPB, XASL, and XAML. There are no editing viola- 


tions. 


7.3.4 Modify 


The MOD command is used primarily to effect changes in exist- 
ing values in unit common or ODS data. It may also be used is load 
vectors that were declared in a LUC or BTD command but ware not 
loaded with data at that time. | 7 
Syntax. 
coiuan. a 

MoD 


ao 


-All user-supplied data in a unit are subject to modification. 


System parameters, entire vectors, and particular elements of vectors. 


may all be changed. The composition of the set of variables active 


in an ODS may also be changed. 


OPO ee facilities for inspecting requested modifications 
to insure that tees eames values satisfy criteria specified by 
the user for the unit. These criteria are contained in the edit- 
ing vectors which comprise part of unit common. The actions taken 


by OPO when a proposed modification violates an editing criterion 


are described in Section 9, Error Processing. 


« 


System Parameter Modificattons 


The PAR statement is used to change the value of a system 


parameter. 


Vector Element Modtficatton 


The ALT statement specifying vector, variable, and new datum 


may be used to change a particular element in a vector. 


‘Vector elements may also be changed using tab statements with 
associated value statements. Only the vector elements .correspond- 
ing to a process variable name on a value card will be affected. . 


For instance, the cards 


“Column “4% 4% = 2a. 
| TBX _-XSTT UXST - 

X41 2.0 3.0 

X6 6.0 


ang 


will result in 2.0 being stored in the element of XSTT associated 
with X1 (XSTT,4), 3.0 being stored in UXST,,, 6.0 being stored in 
UXSTy¢, 
and UXST would not.be affected. 


and 0.0 being stored in XSTT,¢- 


The remainder of XSTT 


Vector Modification 


| An entire vector may be furnished with new values using either 
1 * > 5 
a SET statement or a TBX or TBY statement with associated value 
statements. All SET options are permissible for use in conjunc 


tion with the MOD command. 


Vartable Status 


Variables are added or removed from the set of variables 


active in the model with the ALTER card. For instance, the card 


Column 1 5 


ALT;PVARyX1,TyPVARsY2;A © 
specifies that Xl is to be removed from the active variable set 


and ¥2 is to be added. The number of variables, added does. not 


have to equal the number removed. 


_ Example MOD Command ~' 
Figure 7-7 is an example of a MOD command and illustrates 
some of the techniques of using the command. This example deals 


with the same vectors used in the example LUC and BTD commands -in. — 


Figures 7-5 and 7-6. It is assumed that the MOD command in the 


example is contained in a task directed at an ODS. 


MOD . 


PAR »sMODL 348 
TBXs  xXSTT XDEL 
PRES 12020 le2 
TEMP 165.0 125 
FEED 95500,0 45.0 
ENT 
DEF sxDEL 4 
ALT »XFSLsFEEDs 202 sYLOBsPRD2 33200520 
SET sYASL  3D1 
DEF sYASL 
END 


Figure 7-7 Example MOD Command 
Some of the pertinent points in the above ‘example are: 


1) The MODEL associated with the ODS is being changed in the — 


PAR statement. 


2) The TBX statement and its value cards specify a change 


in all the values of XSTT. 


3) Referring to Figure 7-6, it may be seen that XDEL was 
declared in the BTD command but not loaded with data or de- 4 
fined. The TBX statement and its value statements load XDEL 


and the succeeding DEF statement defines it. XDEL will sub- 
sequently be utilized by the optimizing algorithm. 


4) There are two DEF statements in the command. This is. 


ws * 


permissible. 
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5) The ALT statement alters the contents of elements of 


XFSL and YLOB. 


6) The SET statement specifies that the contents of the vec-: 
tor YASL in the first ODS in the unit are to be transferred 
to YASL in the current ODS. The first ODS must have been 


previously built for this to be a valid statement. 


' 7) The second DEF statement enables YASL and makes it avail- 


able for use by the optimizing algorithm. 


7.4 CONTROL COMMANDS 


The five commands in the control group are used Gee variety . 
of purposes. Included in the group are einstas to delete a unit 
common or an ODS and to establish a control ODS. Two additional — 
“ebiende provide facilities for ordering tye ekecteiies of external 


functional programs and for restoring a unit to a prior state. 


7.4.1 ACCEPT TEST ODS Command 


The ATD command establishes a test ODS as thé control ODS in 
the appropriate unit. After execution of the command, all tasks. 


directed to the control ODS will apply to the "accepted" ODS. 


' Syntax 
ot nk wae, Te 


_ ATD 


7 


~J . 
H , 


The ODS that will assume control status is the one specified | 


in the BOT command of the task containing he ‘ATD command. 


Execution of the command does not cause ee 
any information in che unit. The specified test ODS becomes the — 
contest ODS while the superseded control ODS reverts to test ops 
status. The ops number associated with the superseded control 
ODS prior to its elevation to control ODS status is again in 


{ 


effect after its demotion. 


7.4.2 DELETE TEST ODS Command’ 


; The DTD command is used to remove a test ODS from its unit. 
The ODS will no longer exist as far as OPO is concerned. The 
ODS and unit are specified in the BOT command of the containing 


task. The command has no parameters. 


Syntax 
Column 1 
DTD 
7.4.3 DELETE UNIT COMMON Command 
Execution of the DUC command results: in the erasure of ett, 
data residing in “the data files of the specified unit ‘common . Tt 


has an effect: on the unit with respect to the OPO similar to the. 


Seedet of the DTD eommand on an ODS with respect to the unit: The: ~_ 


command may be Meee? as the "unit deactivating" command. ‘The | 
command has no parameters. 
Syntax 
Column 1 
DUC 


7.4.4 TURN ON PROGRAM Command 


The TOP command enables the user to turn on a specified func | 


LZ ; e e 
tional program during the execution of a task. 


Syntax 


_ Column om 5 
i 
FOP sn 5 
n - a decimal integer; 0<n<99 
Example 
Column a: es 
TOP » 42 
Parameters 


PeOoyen USS ~- The number which identifies the puncEouet 


program to the cE/PAC Monitor must be specified. 


Usage 


The TOP command will generally be , used ‘nmeaineely following. - 


SOL and FIL commands. These FUnCEORS may involve storing Of OPO 
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data files in areas accessible to functional programs not incorpo- 
rated in the OPO. The TOP command’ is then used to initiate the 


processing of data stored inthis manner. 


r 


There are no restrictions on the placement of a TOP command 


other than it must be contained within a task and cannot appear : 


among the data cards which follow a LUC, BTD, or MOD command. 


7.4.5 SAVE Command 
| 
“The SAV command provides a fallback or fail-safe capability. 
Execution of the command Hennes ina pinehGoue (in: binary card 
deck form) of all information in the unit. The unit to be saved 
is specified on the BOT card of the containing task. The output 
deck is structured and feenaeeea for reloading by the GE/PAC 


MONTTOR Loader. 


Syntax 
Column 1 


SAV. 


The SAV command is also weed to obtain a backup copy of unit 
information. _ The backup copy will be loaded by ie operator to | 
restore the unit should oe S data files within the computer sys 
tem be ne rece destroyed. ‘the information will, be rege: 
into the same locations in the computer. and the eendon access 
memory device fiat ng 3 occupied at the time the SAV ‘Command was 


executed. 


oe ee 


7.5 COMMUNICATION COMMANDS 


~The communications group consists of two commands: FIL and ~ 
GET. The general function of these two commands is to effect 


the transfer of data to and from bulk memory files. 


‘The primary use of these commands is for oan ow, 
through bulk Bteesse, BeGieeh the OPO and external functional pro- 
grams. For example, if data is to be furnished by the OPO for. 
utilization by an external functional program, the data is moved 
using a FIL command to a designated bulk area known to the £unc— 
tional program. After the move is completed, the data is sgatenie 
to the program. Communication in the reverse direction involves 


an analogous use of the GET command. 


H 


When communication between OPO and a user program is performed 
_ through bulk memory, precautions must be taken to prevent conflicts - 
‘in eer ereneine the bulk area. To protect the data in the OPO and 
the external functional program, each bulk area so utilized has 


an associated interlock status block located in core memory. The 


interlock block and it's use are described in Section 7.5.3. 

7.5.1 FILE Command 

The FIL command is used to transfer data from the OPO to bulk 
memory. All vectors in the system, for which the user initially 
supplies data, may be specified in a FIL command. Rows and columns 
of an LP matrix are also candidates for filing, in addition to 


” 


. 
oy 


other system-generated vectors which are named and defined in 


Appendix c: 


Syntax _ 
Column 1 5 
FIL»m,V) Dy rVarNagrere 
m= - an octal integer 
‘Vy 7— a four character vector name 


or 


MATX,;x where r is a one to four character process 


variable name : 
nj; - a decimal integer 
Example 


Column i 5 


FIL;/4065,XDEL10,XELL)64sMATX PRV1 428 


The parameters of the FIL may be divided into two types, 


interlock status block address and object vector specifiers. 


1) Interlock Status Block Address - The interlock status 
block address is a core memory address of a three word block | 
of storage. The block contains items which, in addition to. 
describing the bulk eon eseion area, eee ues to protect — 
the aves from access by unauthorized programs. The interlock 


status block concept is discussed in detail in Section 7.5.3. 
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2) Object Vector Specifier - An object vector specifier iden- 
tifies the vector or LP matrix row or column to be’ moved. 
There is no limit on the atabet of specifiers that may appear 
in a single FIL command. The specifier consists of the vector 
name and an address. this address identifies the specific - 
aes inarien: fee the vector, relative to the base location of 


the bulk area. 


The Sener a relative address specified ina FIL command 
and the base location of the bulk communication a8 (refer 
to Section 7.5.3) must be.a bulk memory sector origin, ine. 
a multiple of 64,9. Failure of such a sum to be a’ multiple 

| of 64,, results in an error condition (refer to the OPO 


Operations Manual for error descriptions). 


The example FIL seaneed on the aeecedtne page specifies that 
the contents of the vectors XDEL and XELL (refer. to Appendix A) 
are to be transferred eS a bulk soanenteaion area, The location 
of the area (B) is specified in an interlock status block located 
at location 4065, in core memory. The contents of XDEL will be 
deposited in the communication area, starting at location B+0. The 
contents of XELL will be oon in the area Starting at Location 
B+64, The transmission will not be initiated as wong as some thet 
functional program is reading data from the area ‘(xéfer to Section 


a7 


7253) ~ 
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7.5.2 GET Command 


The function of the GET command is inverse to that of the FIL - 
command.. GET is used to obtain data for the OPO from bulk nemeey 
Saniuntieweien areas: Only vectors for wen the user may supply” 
data may be specified ina GET command (refer to appendices: a and B). 
References to the rows and columns of an LP matrix or other system- 
generated information are illegal. “There is no Limit to the number 
of vectors that way be specified in a single GET command. 


| 


Syntax 
Column . 2 5 
i GET»M,Vv, Dy rVorNgrece 
Mm ~- an octal integer 
v; - a four character vector name © ‘ . 
ni, - a decimal integer : 
Example 
Column 1 5 


GET,/4070;YLOB,128,YDEL;256 


The parameters of the GET command are identical in form and’ 
usage to those of the FIL command. 

1) Interlock Status Block Address - ‘The interlock status 

block address is a core memory address ef a three word block nak, 


of steeess. ‘The block contains items which, in addreron ‘to: 


dees ne the. bulk communication area, are used to > protect. 
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the area while GET-specified data is being read from the area. 


Section 7.5.3 describes the interlock status block in detail. 


2) “Object Vector Specifier - A specifier consists of a vector 
name and an address. This address identifies the starting 
location, relative to the base location of the disk area, of 7 


the data to be obtained. 


The example GET command specifies that the OS weekors YLOB 
and YDEL (refer to Appendix A) are to be loaded with ases from a. 
bulk communication area. The location of the communication area 
is contained in the interlock status biGée-sitnated in core mem- 
ory at eee 4070,. If B is the base location of the area, - 
sufficient data to fully load YLOB will be fetched from the area 
starting at location B+128,,). Location B+256,, is the base loca- 
tion of the data to be stored in YDEL. The transmission of data 
from the communication area to OPO data files will not eae place 
as long as some other functional program is writing in the area 


(refer to Section 7.5.3). 


7.5.3 Interlock Status Block Concept 


To *pedee. Gata protection to the OPO and external cunctvensn © 
programs when FIL and/or GET commands are used to communicate 
between Pieris each bulk area ueeiieed in this manner has an 
associated interlock status block. The interlock status must be 


set and interrogated by both participants in the communication. | 


~ 


The one is not responsible for the allocation of Saenee the inter- 
lock block or the bulk éommunteation area. The ‘user must peor” 
for the existence of all desired interlock blocks in core as well 
sei Pow @he areas. ih bulk memory. In addition, the user is respon- 


sible for initialization of the interlock block items. 


There are five logical items defined in an interlock block as 


follows: 


1) Bulk Communication ieee ~ The bulk communication area is 
specified by its base location, its length, and the number 
of the appropriate bulk Sent cere. These three values are 
used to determine absolute bulk memory addresses from the 


relative addresses associated with each vector in the FIL and 


‘ GET commands and to guard against overflow of the area. 


(2) Write Status - There are two flags associated with Write 
Status; the Write Active flag and the Write Waiting flag 
(off-on flags). Write Active is set when a write operation 
on the communication area is currently in svoguess. Write 
Waiting is set when a write operation is pending, either be- 
cause a prior write operation is active or because reading 


operations are currently proceeding. - 


3) Number of Readers - This item is a counter which is 
incremented by one just penoE to. initiation of a reading 
operation and decremented oF one when a zeae operation is 


eae. 


4) Unit Number - The Unit Number is used to restrict the use 
of. the associated ecumen teakvon area to one ‘unit. This 
restriction provides protection against overlaying of data 


obtained from two or more units. 


5) Control ODS Only Write - This off-on flag is intended to 
protect data emanating from a control ODS from being destroyed 
iby test ODS tasks. If the flag is on, a test ODS task may not 
amie in the associated Sonngnkeaviaa area, but may read from 
the area. _ Control ODS's and external functional programs may | 
read and write in the area. The physical structure of an  * 


« 


interlock status block is given in Appendix J. 


* 


Write Status and Number of Readers are used to prevent merging 
‘of logical reads and writes which reference the same communication 
area. Protection is necessary since a logical I/O operation may 
consist of several physical operations. For example, each vector 
specified ina FIL command implies at least one physical write 
operation. Therefore, without peateckion: an external functional 


program estia attempt. to read data not FiLed. 


The flowcharts in Figures 7-8 and 7-9 depict the actions that 
must be performed by reading and writing external functional pro-» 
grams in order to properly utilize the interlock items, Write 


‘Status and Number of Readers. 


~ 
- 


The user has the responsibility fox synchronizing the OPO and 
an external functional program: He must insure that the OPO Goes 


not GET data from a disk area before ne program has placed it 


there. Similarly, an external functional program must not attempt 
to utilize data before it has been FILed by the OPO. One method, 
of synchronization involves the TURN ON PROGRAM command (TOP; 


described in Section 7.4.4. For example, the command sequence 
Column 1 5 
FIL,/5036;XSTT;0 
TOP »16 


{ 
{ 


where 16 represents the name of the utilizing external real-time 
functional program, insures a seeped data transfer of the contents 
of XSTT from OPO to 16. One method of transferring data from 16 | 
to OPO is for 16 to transfer the data to the communication area 
and then present an eae task containing the appropriate GET 


command to the OPO (refer to Section 8.3 and Appendix D). 


IS A WRITE 
ACTIVE OR 
WAITING 


SECTION OF PROGRAM OR 
PROGRAMS, CONTAINING 
LOGICAL READ OPERATIONS 


V/ 
® 
@ 
a 


jERROR 
CONDITION 


WRITE 
ACTIVE 


NO 


ISET WRITE | 
WAITING. 
: FLAG 
CLEAR WRITE 

WAITING FLAG 


<7 


SET WRITE 
ACTIVE FLAG 


a i i ed a ee 


SECTION OF PROGRAM 
OR PROGRAMS CONTAIN- 
ING LOGICAL WRITE 

OPERATIONS 


7.6 SOLVE COMMAND 


7.6.1 Function 


The SOL command causes OPO to determine a solution for the 
optimization problem. This solution is a move from the plant 
position or starting position to a new recommended optimum posi- 


tion. 


Syntax 

Column ss 3 5 
SOL;n : 

n- lor 2 

Example 

Column ue 5 


SOL;2 


ST Oace Parameters 


The SOL command has one parameter. This parameter specifies 
the type of starting basis to be used in the first step of the 


solution. 


If the parameter is 1, a scratch (slack) basis will be used. 
If the parameter is 2, a basis selected by the user will be used 


as the starting basis. . The user selects a starting basis by © 


specifying a starting position for the move. 


This option applies only .to the first step of the move. 


12643 Consequences 


ta 
> 


A MOVE is made resulting in the generation of a new recom- 
mended position for the process aaa. During the MOVE, reports on 
the progress of the solution will be printed as specified in the 
reporting spécifications set up by the user in the ODS. These 
reports include iteration reports, subset soieetion reports, step 
reports; “and move Peponees The user may specify, in the QDS 
parameters (refer to Appendices A and F), the detail to a included 
in thege reports and the frequency at which the reports should be 


published. 


7.7 OUTPUT COMMANDS AND FORMATS 


The OPO system produces two general classes of printed eutours 
The first type of output is generated by the solution program in 
response to eontrol's set by the user in the ODS. The second type 
of output is generated in response to specific commands which are 


part of a task. Output formats are described in Appendix F. 
7.7.1 Solution Generated Output 


Five reports are eteratee during the solution process; the 
iteration log, ‘subset seieceicn log, step roger the selection report, 


and the reduced cost eapeee. 


Iteration Log - The iteration log is available for each LP 


iteration made during the LP solution ina Single step. The report 
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is generated, or not, according to the setting of control parameters 


‘sy 


in the ODS. These parameters can be set or modified by Ee user. 
The iteration log reports the es itowing data: 


1) The number of iterations in the move 
2) Variable entering basis } 

(3) Variable leaving basis 

a value of pivot eTensne 

5) New Caine oe the objective function 


6) Cause of iteration 


7). Unit and ODS identification 


Subset Select Log - The subset select log is available for 
each subset select cycle taken. The report is generated or not” 


according to the setting of parameters in the ODS. 
The subset select log reports. the following data: 


1) The number of subset select cycles in step 

2) The number of exchanges made i.Syeus 

3) The number of pivot steps in the transformation 
A) The objective function value | 
5) ‘The’ number of iterations in the move. 

6) The sunbes oe Sachem eure pivots rejected 


7) Unit and ODS identification 


Step Logs - The step log is available for each step in a move. _ 


“the log is generated or not according. to parameters in the eee: 


The step log reports the following data: 


1) Ste weet of step completed 

2) Objective function value 

3) The number of iterations in move 7 

4) The number of subset select cycles 

5) The number of unacceptable pivots rejected 


6) Unit and ODS identification © 


! 

Satueion Report ~ The solution report can be output after each 
step of a move, after each nth step of a move, and/or at the end 
-of a move. If any solution reports are requested, a report will 
Santas after the last step of the move regardless of reporting 


interval. Solution report controls are set in the ODS by the user. 


The solution report includes the following data for the whole 


step: 


1) Unit and ODS identifiers 

2) Step number 

3) Time of day 

4) Number of steps in move 

5) Objective function value 

6) The number of iterations in move — 
7) The number of infeasibilities ~ 


8) The number of variables outside the target range 


9) Objective function improvement — 


A 
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For each variable the solution report includes the following: 


1) Variable name 
2) Variable yaleetee optimum 
3) Variable status _ 

' 4) Most necteietige bound values 


_5) Target values 


The. variable status information includes whether the variable | 
was in the optimization, whether it is basic, and its status in 
relation to each of the bounds. Status is reported with respect 


to outer limits, move limits, step limits, and target values. 


The report includes the values of the most restrictive upper 
and lower bounds on the variable and type (outer limit, move limit, 


or step limit) of each such bound.. 


Reduced Cost Report - The reduced cost report is produced 
after each step or each nth step. If any reduced cost reports 
are produced, a report is made after the last step of a move re- 


gardless of the reporting interval. 


Reduced cost report controls are set in the ODS by the user 


and are independent of the solution report controls. 


For each variable the reduced cost report includes: 
1). Variable name- 

2) Variable status 
3) Ds for each non-basic variable 


4) The effective costs 


The reduced cost (D5) is the net cost of changing the variable 


value in a positive direction. © 


The effective costs are the costs used in computing the value 
of the reduced cost. These costs include any move penalties or 
target penalties which may be active in the reduced cost computa _ 


tion. 
The above reports and the means of selecting and controlling 
their generation is explained more fully in Appendix F. 


4 


7.7.2 Command Generated Output ~ 


Output can be generated on the printer in response to commands 
included in a task. These commands are the MAT, PRT, and DMP com- 


mands. 


MATRIX Command - The MAT command in a task causes the contents 
of the LP matrix, in the ODS to which the task is directed, to be 
output to the printer. This matrix is generated in the solution 
process. Any time ‘ MAT command is executed, the matrix printed 
is the one used in the last step made in finding the optimal solu- 


tion. The printout is in a standardized format (see Appendix F). 


Syntax 
Column ye 


MAT 


Print Command - The PRT command can be used to print any 
vector, or vectors, in unit common,’ in an ODS, or in the LP matrix» 


in an ODS. 


Syntax 
Column 1 5 
PRT sVy 1VorVa3ree 
Vi oa four character vector name 


Or — 


MATX,r where r is a one to four character variable name 


Example . , 
Column ne 5 


PRT,;XUPB,XELL,YELLsXSTT yMATX;XVRI 


The names appearing in the command are the names of the vec- 


tors to be printed. 


Each vector is printed as a column on the page. If all col- 
umns named in the command cannot be printed across a single page, 
then multiple pages can be used as needed. Appendix F shows the 


format of output generated by the PRT command. 


Each column is headed by the vector name. The geeeers which 
may be printed include all of the model vectors to which the user 
can input data (refer to Appendices A and B), all working vectors 
used in: the solution (refer to Appendix C), and all rows and is 


-umns of. the LP matrix. . 


Dump Command - The DMP command is intended to be used for 
debugging purposes. It allows the‘user to obtain hard copy of the 
contents of .an ODS or unit. The hard copy is produced on a high- 


speed printer. 


Syntax 
Column | 1 5 
DMP yng gy Nastia yews 

n,; ~- ODS data set indicators (C or Dn, O<n<9; refér to Sec- 
| | 

tion 7.1) 

The command may be used in a unit task (one whose BOT card 

specifies unit common) or an ODS task (when the BOT card specifies 


/ 


an ODS). 


Parameters 


The command has no parameters when used in a task directed at 
an ODS. The contents of unit common and the ODS that.is the object 


of the task will be dumped. 


When used in a unit task, DMP may have a list of ODS numbers 
as parameters. These ODS numbers identify the ODS's to be dumped. 


Unit common will also be dumped. a 


If there are no ODS numbers appendéd to the command in-a unit © 


task,. all ODS's in the unit are dumped in addition to unit common. 


Output 


a systems parameters and vectors in unit common and speci- 
fied ODS's will be printed, including sverengenerared information 


which. was not originally furnished by the user. 


A list of unallocated vectors will be produced with an identi- 
Te title. Names and contents of declared, but undefined, vec- 
tors will be printed, accompanied by an indication of their unde-_ 
fined state. | : 


i 
i 


Format 


i The contents of unit common and any specified, or implied, 
ODS's will be printed separately. .The unit common title line will 
contain the identifying number of the involved unit. The contents 


of an ODS will be preceded by a title identifying the ODS. 


The formats for unit common contents and ODS contents are 
quite similar. System parameter values with their names will be 
printed immediately after the Peewee followed by the vector: 
information printed in a format similar to that used for TAB 
input. A line of vector names will be- printed followed by the — 
vector VaIueS aligned with .the names. Process variable names will 
appear in the left column to caneiey the vector elements. The 


° 


format of the printout is illustrated in Appendix Fe 


SECTION 8 - TASK MANAGEMENT FUNCTIONS | 


The task management functions allow both the operator and 
internal functional programs to present and jen Daeuake the tasks 
directed to the OPO. The operator can also initiate the eecaton 
of functions to check the format of his input card deck or to sive 


a summary report of the present status of the OPO System. 


There are seven task management functions as follows: 
i 


‘yy GET TASK FROM CARD READER. | | 
2) DIAGNOSTIC SCAN | 
3) STATUS _ 
i 4) MOVE up TASK 
5) DELETE TASK 
6) ACCEPT TASK 


7) CONTROL TASK INTERRUPT 


The first five task management functions listed (1-5) are di- 
rectly available to the operator. ‘The last four functions listed 
(4-7) are available to internal functional programs. A brief 
description of ee functions is given below. | For detailed in-_ 
formation on the operating procedure of. those functions available 
to the operator, the user is dizectad to Saétion 2 of the OPO 


Operattons Manual. 


8.1 FUNCTIONS AVAILABLE TO THE OPERATOR. 
The five functions available to the operator are accessed 


through the Operator Linkage Program (OLP01-YPC1B) which. operates 
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wiehih the GE/PAC MONITOR I/O Typer OPR System, All. communications 
occur via the I/O Typer. OLPOl, noetag for OPO, will sek the oper 
ator which of the five task management functions is desired. 


(Refer to Section 8.1.6 for an’ example.) 
8.1.1 GET TASK FROM CARD READER 


This function is the required manner in which the operator 
eequesee OPO to accept a new job (i.e., one or more tasks) from the 
card pede: _ The BEGIN TASK (BOT) card is read and parameters 
extracted. OLPO1, as a Hmeeionsl prouean. uses the ACCEPT TASK 
function (refer to Section 8.2.1) to enter the card task into the 


OPO System. 
8.1.2 DIAGNOSTIC SCAN 


This function will read the cards of the first task presently 
residing in the input hopper of the card reader. The format of 
each card will be checked. When a syntax error is found, a mes- 
sage on the printer will reproduce the card and identify the column 
where the error was noted. The task is not executed and no edit-~ 
ing of values eeaues: Since a ey wean error will terminate the 
‘execution of a card task*, it is acct tate to Have OPO run a diag- 


nostic scan on a task peers a request for its acceptance is made. 


Seer 
- 


*Card tasks will be aborted on a syntax error and’ the remaining 
cards automatically given a diagnostic scan because they are 
essentially free-time applications. Processing the errors found 
on these tasks may unduly tie-up the OPO and prevent it from | 

' achieving its main objective - the on-line, real-time, opti-. 
mization of the process. 


8.1.3 STATUS 


A fenade of he cauvene agnateion of the task queues and unit 
descriptors are given ey I/O Typer. This function may be used 
as a system debugging aid, to-determine the progress of particular 
tasks, and to determine current state and structure of OPO system 

bulk storage. As the report conforms to present conditions of the 
eee it may assume Many forms. Apocndix G shows a representa- 


tive format of the STATUS report. 
8.1.4 MOVE UP TASK 


‘The Bueness. Gz this Punetion is to move a previously accepted 
task to the head of its queue, thereby causing its execution to 
peeeede the execution of other tasks in that queue. The operator 
is required to furnish the task's identifier and the task's unit. 
number. These parameters are called sepa ueenig by OLPOl. If the 


task is not found in the queue, the operator is notified. 
8.1.5 DELETE TASK 


This function will remove a task from the system. OLPOL ~ 
calls for the task's identifier and unit number. The task's queue 
is searched for the particular task. When iSesesa: it is removed, 
thereby canceling its execution. Lf it is not located or is being 


executed, the operator is notified.  .-. 


Bic Example of Conversation between Operator and OPO: 
An example of the conversation between the operator and OPO. 


over the I/O typer is given below. The user is referred to the 


OPO Operations Manual for full operating instructions. 


To illustrate, the operator wishes to move the previously ac- 
cepted task X4 to the head of unit 3's task queue. The’ items entered 
by the operator are underlined. After the operator depresses the 


input button on the I/O typer, the following conversation occurs: 


READY OPOS; — | 
CARD TASK~L, MOVEUP-2, DELETE-3, DIAG SCAN-4, STATUS—5 2; 
UNIT 33 TASK X43 


END JOB 


8.2 FUNCTIONS AVAILABLE TO THE INTERNAL FUNCTIONAL PROGRAM 


Four task management functions are available to aay functional 
program in the GE/PAC MONITOR System. These functions and their 
required sepsnerees are described Beieu: The calling sequences 
are also shown. It should be noted that sufficient space has been 
allocated in eae parameter coumueiesiene words so that the two 
sehasaseses identifying the task may be iw esehex Common Peripheral 
Or ASCII code. The user must use the code with which his 


GE/PAC MONITOR normally operates. | 


_- 


8.2.1 ACCEPT TASK - 


This function is equivalent to the operator's GET TASK FROM 
CARD READER function (8.1.1)... “This function requests that OPO 


accept a new task located in bulk storage.’: 


Accept Task Parameters 


‘Parameters for ACCEPT TASK are loaded into permanent core. 


location OPOQOSR. 


“OPOQSR BULK ADDR 
ostes [TL 
OPOQSR+2 00 0 00000 


where BULK ADDR is the bulk address of the new task's Task Status 
Word (refer to Appendix E) and C is the associated bulk device 


controller number. 


NOTE 


(OPOQOSR+2)=0 identifies the ACCEPT 
TASK function. 


8.2.2 MOVE UP TASK 


The overall effect of this function is exactly the same as 


the operator's version (851.4): 


Move Up Task Parameters 


Parameters for MOVE UP TASK, which are loaded into OPOQSR, are - 


required in the following format. 


t 0 
UNI T# 


OPOQSR 


3 8 | 
OPOQSR+1 TASK ID 
OPOQSR+2 00000 OOL 


| 
where the TASK ID is the task's identifier (two characters, left- 


justified in the field), the UNIT # is the task's unit number. - 
NOTE 


(OPOQSR+2) = 1 identifies the 
MOVE UP TASK function.- 


8.2.3 DELETE TASK 


Again, this function, in effect, is equivalent to the opera- 


tor's version (8.1.5). 
Detete Task Parameters 


As before, these parameters are loaded into OPOQSR. 


/ 0 , 

a ie 

23 8 | 
TASK ID 


00000 003 


OPOQSR . 


 OPOQSR+1 
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where the TASK ID is the task's identifier (two characters left- 


justified in the field), the UNIT# is the task's unit number. — 


NOTE 


(OPOQSR+2) = 3 identifies the DELETE 
TASK function. Be 3 


8.2.4 CONTROL TASK INTERRUPT 


This function is a composite of ACCEPT TASK, MOVE UP TASK and 
an faceowupe of the test task (i.e. a task not on the control ODS), 
if one is in progress. It is used to prevent delays on control 
tasks generated by ipeernal funcel onal programs by intetrupting 


the execution of a test task. 
The composition is as follows: 


1) A request to accept a new task which must be directed 


at the current control ODS. 


2) At the same time, this new task is to go directly to the 


head of its task queue. 


3) If a test task is in progress, it will be interrupted 
at the conclusion of the next command and the new control 
task will be the next task executed when OPO services this 


queue. 


4) If a control task is’ in peed rete, the new control task gen 

will not interrupt Bit will merely be moved to the second.’ 
_ position in the task queue and be executed once the current’. 

control task is completed. | 
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Control Pask Interrupt Parameters. 


The parameters required for this function are quite similar — 


to those of ACCEPT TASK: 


OPOQSR 


BULK ADDR 
00 0 


OPOQSR+2 00002 


where BULK ADDR is the bulk address of the new control task's Task . 
Status Word (refer to Appendix E) and C is the associated bulk 


device controller number. 


NOTE 


. (OPOQSR+2) = 2 identifies the CONTROL 
TASK INTERRUPT function. , 


8.3 CALLING PROCEDURE 


To use any of these four functions, the internal functional 


program must perform three distinct acts. 


1) AVAILABILITY TEST 
2) PARAMETER LOAD 
3) TURN-ON FUNCTION . 


8.3.1 AVAILABILITY TEST 


The functional program must determine if the OPO Task Manage-. 
ment Functions are free to honor a request. The functions are 


- 


available for use whenever the contents of permanent, core: location 


OPOQSR are zero. OPOQSR is non-zero whenever one of the functions 
is operating. The test should be made with interrupts inhibited to 


insure proper results. 
8.3.2 PARAMETER LOAD 


After locating the functions available for use, the parameters, 
as specified in Sections 8.2.1, 8.2.2, 8.2.3, and 8.2.4 are loaded 


into OPOQSR. 
8.3.3 TURN-ON FUNCTION 


Once parameters are loaded, the functional program can turn on 
the functional program (using the Monitor subroutine TPNCO1) which 
operates the functions. This program (Queue Service Request ~ 


YPC1C) has a Monitor program priority number equal to OPOMPN. 


INHIBIT 


INTERRUPTS 


faa) 


— 
—_ 


LOAD 
{| PARAMETERS 


INTO OPOQSR 


PERMIT 
INTERRUPTS 


TURN ON 
PROGRAM . 
WITH NUMBER 
OPOMPN 


- 


Figure 8-1 Queue Service Interlock Flow 


8.3.4 © 


In PAL coding statements, the three steps may be performed 


as follows: 


IAI 

LDA OPOQSR 

TZE 

BIS *+4 

SPB DELCO1 

DEL by -SECND/2_ 
BRU *-6 | 
LDA UNITNO 

LDQ TASKID 

DST OPOQSR 
LDK F | 
STA OPOQSR+2 
PAI 

LDA ZERO 

SPB TPNCO1 


CON G;OPOMPN 


TASKID CON Ay2,XL © 


UNITNO CON D,3 - 


IS FUNCTION F AVAILABLE 


YES 


NO; DELAY AND TRY AGAIN 


PICK UP 
PARAMETERS 
AND 
LOAD 


THEM IN © 
TURN-ON FUNCTION 


& if , 
FOR BOTH COMMON PERIPHERAL. 


CODE AND ASCII SYSTEMS | 


TO INDICATE UNIT 3 


» 


SECTION 9 ~ ERROR PROCESSING 


The: basic concept of OPO error processing ms to allow the 
operator to respond to aa error in order to speeiey bene correc- 
tive action. Allowing the operator to communicate in this manner | 
results in better through-put times for a given task pass could 


be achieved without such communication. 


The ee ce: which are listed in the OPO Operations Manual, 
are ase eiaa according to the subset of responses available to 
the operator. Table 9-1 gives the whole collection of responses 
available to the operator. The denbers are the assigned response 


codes. 


Table 9-1 Available Operator Responses 


HOLD 

ABORT TASK. 
SKIP. 
IGNORE 


ACCEPT VALUE 


ACCEPT RESTRICTION 


RESEF RESTRICTION 
SUBSTITUTE NEW VALUE - 


STANDARD 


There are six error classes each defined by the peaieninis” 
responses the Opera Oe may ida Table 9-2 lists these six error 
classes ane their respective subset of responses. An expanded 
discussion of these error classes a in Section 4 of the OPO 


Operations Manual. - 


Table 9-2 Permissible Responses for Error Classes 


RESPONSE 


X 


HOLD (2) 

ABORT TASK (2) 

SKIP (3) 

IGNORE (4) 

ACCEPT VALUE (5) 
ACCEPT RESTRICTION (6). 


RESET RESTRICTION (7) 


SUBSTITUTE NEW VALUE (8) 


STANDARD (9) 


9:1 AVAILABLE OPERATOR RESPONSES 


9.1.1 HOLD (1) | 
This response poaueees a 2 hold for a defined period of time while 
the sserdine determines a course of action. After three consecu- ” 


tive holds by the operator, OPO will assume the standard peehence (9). 


9.1.2 ABORT TASK (2) 


Execution of the current task wherein the aioe occurs is 
caciauesa and the task is deleted. If the task is a card task, 
the remainder of the task will be passed through the card reader.” 
Since special actions may occur as a result of ihe response, the 
user is directed to the particular error as listed in the OPO. | 


Operations Manual, Section 4.3.. | ao 
9.1.3 SKIP (3) 


Depending on the ase, an entire command se one component 
of a command will be skipped. Processing will continue’ with the 
next command or command component. The action taken in a parties 
ular case can be determined by referring to Section 4.3 of the 


OPO Operations Manual. 


9.1.4 IGNORE (4) 


Again, actual action of this response depends greatly on the 


' particular error in mind, Section 4.3 of the OPO Operations 
Manual describes the action according to the error. In general, - 


a violating value will be ignored and the original value retained, 


a vector name may be skipped, or default value incorporated. 


9.1.5 ACCEPT VALUE (5) 
A violating value.is to be accepted in spite of its violation 
of an editing restriction, =. a te" 2. | ee eS 


"9.1.6 ACCEPT RESTRICTION (6) .. 2 7) wh, ot ore: 

The violating value will be ignored and the violated restric-. 
tion will be accepted in its stead. 
9.1.7 RESET RESTRICTION (7) - 


The violating value will replace the violated editing restric—_ 


tion. This voids the violation. 
9.1.8 SUBSTITUTE NEW VALUE (8) 


A new value, vector name, variable name, keyword, etc., sup- 


plied by the operator, will replace the violating name or value.- 
9.1.9 STANDARD (9) . 


The standard response is preset by the user to be synonymous 
with one of the other responses. The responses HOLD, SUBSTITUTE | 


VALUE and STANDARD may not be the standard for any error class. 


The standard response is selected by the user by setting the 
unit common system parameters STD1, STD2, STD3, and STD4 for error 
classes 1-4. A standard response cannot be selected for classes 


5 and 6. 
9.2 OPERATOR NOTIFICATION | 


When an error is detected, OPO Informs the operator via the <= ° 
_ r/o typer that the error has occurred and identifies the error by 7 


giving the error's corresponding error code. The error code is a 


three digit number where the first digit identifies the error's 
class and the other two digits serve to identify the error in that 


error class. 


A complete list of all OPO error conditions and codes is con- 


tained in the OPO Operations Manual. 


9.2.1 Error Message Components 


Each error message will have at least one line of 1/0 typer 
output. This line is called the leading line and always assumes 
the following form: © 

OPO ERROR CODE XYZ UNIT K ODS N TASK ABO : | 
where XYZ is the error code (X is the error class), 

K is the unit number of the unit where the error was 


detected, 


N is the number of the Data Set (D) (U for Unit. common 


and C for Control ODS) upon which the error was detected, 


and AB is the identifier of the task being executed when. the | 


error was detected. 


The leading line may be followed by a group of names or sais. 
at most three to the line, which are pertinent to error processing. 
Positional meaning to these yaivad wet be given and their actual 
meaning will be found listed, by aeiek code: in Section 4.3 of che 


OPO Operations Manual. 


9.3 OPERATOR RESPONSE _ 
If the error permits an operator response, the word RESPONSE .|_ 


will follow the error notification. 


9.3.1 Example 


OPO ERROR CODE 402 UNIT 2 ops 3 TASK L2 a | | 
LUC XXPR 14.0E3 a, 
RESPONSE 


The a will respond with the code of the chosen response. 
If the eadeouee is Substitute Value, OPO will call for the new . | 
name (or value, etc.) by typing NEW VALUE. ‘The operator now enters. 
his new value or name. If tid Seanaeedeeessonde is taken, OPO | 
will inform the operator of the action Faken by typing ACTION J, 
where J is the code corresponding to nak action. 

OPO ERROR CODE 402 UNIT 2 ODS 3 TASK L2 

LUC XXPR 1.0E3 ‘ 

‘RESPONSE. 9; ACTION 4; 


' For full explanations and examples, the user is referred to 


Section 4 of the OPO Operations Manual. 


a 
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APPENDIX A 


OPTIMIZER DATA SET 


APPENDIX A. 


OPTIMIZER DATA SET | 


The following is a list of parameters and vectors which com- 


prise an optimizer data set. 


Certain parameters and vectors are required and must be 


loaded by the user before a solution can be generated. 


Some parameters are optional because the system assumes a 
value if none is input. For these parameters the definition is 


followed by the default value. 


Requtred Data 


- Parameters... -—-- -—-----~- - 
MODL ~- the program number of the user-supplied MODEL to be 
utilized during execution of the’ OPO optimizing 


algorithm. 


Vectors 
XSTT - Starting values of the independent process variables (X}. 
— XUPB - Upper bounds on the values of eu 


YUPB - Upper bounds on the values of the dependent and im- 
plicit process variables (Y). . ; 


XLOB - Lower bounds on the values of Xe 
Vide =) tewed Bounds on Che aaluce of ¥: 
XAML - Absolute move limits én > 

YAML - Absolute move oe on ¥. 0 


XASL - Absolute step limits on X. 


“Opttonal Data 
Parameters 


Non-default parameters are: 


" RLOC - The location of a bulk memory area where results are 
to be SEOTeC by the optimizing algorithm for use by | 
a user's functional program. 


RBCN - The number of the eeneeoise in charge of the bulk 
memory device used in connection with RLOC. 


RPRG - The program number of the user's functional program to 

be turned on at the completion of an execution of the 
optimizing algorithm in order to utilize the results 
previously stored (refer to RLOC above). 


XMPN - The penalty applied to X to prevent small moves 
(refer to DZRO below) near the optimum. : 


YMPN - The penalty applied to Y to prevent small moves 
(refer to DZRO below) near the optimum. 


Parameters with default values are: 


MXIT - Maximum number of iterations to be made by the opti- 
mizing algorithm during one step. Default value is 1000. 


MXSP - Maximum number of steps to be made during one move. 
Default value is 500. 


MXIL - Maximum number of iterations to be made without print- 
ing the iteration log. Default value is 10. 


MXSS - Maximum number of subset select cycles to be made 
without printing a subset select log. Default value is 10. 


MXSL - Maximum number of steps to be taken during a move without 
printing a step log. Default value is 10. 


MXSO - Maximum number of steps to be taken in a move without 
printing.a solution report. Default value is 10. 
MXRC - Maximum number of steps to be taken in a move without _ 
- printing a, reduced cost report. Default value is 10. 


RPRT - 


PMIN — 
DZON - 


AZRO - 


XEMX - 


Specifies optional Cotaats of efi iteration log. 


- Default value is 31. 


Minimum acceptable pivot value. Default value is -00001. 


Tolerable amount of constraint violation by any element 
of Y. .Default value is .0001. 


- NOTE 


- DZON will be utilized by the optimizing 


algorithm only if the optional vector 
YDZN is not furnished by the user. 


Coefficients in the LP matrix whose magnitude is less 
than AZRO will be considered to be zero. 
Default value is .00001. 


Estimated maximum number of independent process vari- 


_ ables active in the optimization at any givén time. 


YEMX 


DZRO 


KIMP , 
DOBJ 


Default value is NX. 


Estimated maximum number of dependent process variables 
active in the optimization at any given time. 
Default value is NY. 


Coefficients in the reduced cost equation whose magni- 


tude is less than DZRO will be considered to be zero. 
Default value is .00001. 


NOTE | 


DZRO will be utilized by the optimizing 
algorithm only if either of the optional .- 
parameters XMPN and YMPN is not furnished © 
by the user. 


A move will be terminated if KIMP consecutive steps 
produce less than DOBJ improvement in the value of the 
objective function. Default values of KIMP and ees 
are 5 and .001, i aaah 


« 


Vectors . 


| 


-XFML 


XUTR - 
YUTR - 
XLTR - 
YLTR - 
XTPN - 


YTPN’ - 


YFML - 


YDZN - 


XDEL - 


YDEL - 


VPSh.o= Fractional step Limit on-Y. 


Upper target limit on X. 
Upper target limit on Y. 
Lower’ target limit on X. 


Lower target. Limit. on Y. 


Penalty applied whet X visistes its target range. 


Penalty applied “hen Y violates its target range.’ 
Fractional move limit on X. 
Fractional move limit on Y. 


Limit on allowable constraint violation by each Y. 
(refer to the optional parameter DZON). — 


tmeveneacel changes in x used in the eer ere of 
partial derivatives and adaptive linearity limits. 


NOTE 
XDEL is optional if a type 1 or type 2 


MODEL is being used, Stliorwrses it is 
required. 


Constants used to compute adaptive linearity limits.. 


NOTE 


The furnishing of data for this vector 
by the user will result in the calcula- 
tion of adaptive linearity limits when 
a type 0 MODEL is being used; the vec-" 
tor will be ignored when a type 1 or 
pYRe 2 MODEL is. used. | 


XFSL - Reeceisndi es Limit on X. 


YASL_- Absolute step limit on Y. 
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APPENDIX B. 


UNIT COMMON DATA SET COMPONENTS 


Required Data 


. bod 


Parameters 


The following four parameters are part of the LUC com- 


mand and have no system-defined names. 


1) The number of independent process variables in the pro- 


cess unit.. 


2) The number of dependent process variables in the process 


unit. 


3) The number of implicit process variables in the process 


unit. 


4) Estimated amount of bulk storage space to be reserved for 


the process unit. 


Opttonal Data 


Parameters 


Four unit common optional parameters nage deeante values. 
| These are the standard operator responses to errors in error 
classes 1 through 4 (refer to Section 9, Error Processing). 
The parameter values are specified by the user using PAR data 


statements in conjunction. with an LUC command. 


STD1 
STD2 
STD3 
—STD4 


Standard 
Standard 
Standard 


Standard 


response for error 
response for error 
response for error 


response for error 


class 
class 
class 


class 


Default 
Default 


Default 


Default 


value 
value 
value 


value 


The remainder of the parameters do not have default 


is. 


is 
is 


is 


values and do not enter into OPO operations unless the user 


furnishes data for them in the data statements of an LUC or <2 


MOD command. 


UXMT 


UXMS 
UPMN 


LPMN 
UDZN 
LDZN 
~ UAZR 
LAZR 
UDZR - 
LDZR 
UXMP 
LXMP 
UYMP 
LYMP 


Upper 
Upper 
Upper 


Lower 


' Upper 


Lower 
Upper 
Lower 
Upper 
Lower 
Upper 


Lower 


Upper 


Lower 


editing 


editing 


editing 


editing 


editing 
editing 
editing 
editing 
editing 
editing 
editing 
editing 
editiag 


editing 


restriction 


restriction 


restriction 


restriction 
restriction 
restriction 
restriction 
restriction 
restriction 
restriction 
restriction 
restriction 


restriction 


restriction. 


on - 


on 


on 


on 


on 


on 


on 


on 


on 


on 


on 


on 


on 


on 


B~3A° | 


mm Ww 


Vectors 


The vectors listed Bain are all editing yecuors and 
contain upper and lower restrictions on ODS Sneu. The left-. 
hand column contains the names of the unit common editing — 
wactoees the right-hand column contains the eater of the 
vestetered ODS vector corresponding to the editing vectors. 


‘The ODS vectors are defined in Appendix A. . 


Editing 


Vector Names Restricted Vector © | SS 
UXUB | 
LxuB} . AUS 
UB yup. 
txts) «CLO 
UYLB | ; 

~LYLB} YLOB 
eee! -* XUTR 
ae . YUTR 

UT, at 
wT, ur 
eo XFML 
YEN) FHL 
UXAM, XANL 
eo) ' YANL 
nae : XSTT 


Lxst? 
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APPENDIX C. 


WORKING VECTORS. 


The following is a list of vectors generated in the optimizer 


data set by the solution program. The user cannot input data to 


these vectors, but he can use their contents. 


The user can obtain 


the contents of these vectors by naming them in FIL or PRT commands. 


YSTT 


XDVL 
XHUB 
XHLB 
XHUB 

- XHLB 
XINT 

-XINT 
XELL 
XEUL 
YELL 

-YEUL 
XSTA 


YSTA 


XESL 


YESL 


XRDC 


YRDC’ 


Starting value of dependent variables 


MODEL, based on XSTT. 


(XINT-XELL) at start of move. 


Hard upper bound on X 


Hard lower bound 
Hard upper bound 
Hard lower bound on 
Initial value of 


Initial value of 


Effective 
Effective 
Effective 


Effective 


Status of 


Status of 


Effective 


lower 
upper 
lower 
upper 
Xe. 


Y. 


on 


on 


~ HM 


Xx. 

Y. 
limit 
limit 
limit 


Limit 


. 
f 


minimum 
maximum 
minimum 


maximum 


on 
on 


on 


KK Ok 


on 


step limit on X. - 


Reduced cost of Xe. 


Reduced cost. 


= 


of 


Win -.4 


(XUPB, 
(XLOB, 
(YUPB, 


(YLOB, 


Effective step limit on ie 


as computed by . 


XINT + move limit). 
XINT - move limit). 
YINT + move limit). 


YINT - move limit). 


NOTE | 


The reduced costs of X-and Y are non-zero 


only for the non-basic variables. 
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Column 


APPENDIX D 


EXTERNAL COMMAND FORMATS 


‘BEGIN TASK Command (Section 7.2.1) 


L 5: 


BOT sn; M2 /N3,Ny 


task identifier 


ni - 
“ng - task priority © | 
ee | (Refer to Section 7.1) 
n3 - unit number — 
ny - data set indicator 
Example 
~ Column | Ls = ° 
BOT ,24,46;3,D3 


LOAD UNIT COMMON Command (Section 7.3.2) 


* common 


data in the unit (refer to Appendix H). 


Syntax: 
Column i 5 7 
LUC1ny Mp Mg eM, : 
ny - number of independent process yar Rbieee ny £100 
no - number of dep enaentcoeecess variables; - ‘ny£100 ~ 
7 ‘ Maer BE implicit process variables; efigtee 
ny - number of jeune a disk sequieed for vail ODS and ante 


2.2 


Example. 
Column 1 5 

LUC;42,73;12;150000. 
BUILD TEST ODS Command (Section 7.3.3) 


Syntax 


‘Column lL 5 


m- Dn, where n is an ODS number; 0<n<%9. 


m is an optional parameter. 


Examples — 
- Column 1 i 
BID, D4 
BTID 


MODIFY Command (Section 7.3.4) 


Syntax 
Column 1 5 


MOD 


5.0 DECLARE Data Statement (Section 7.3.1) 


5.1 “Syntax. . 
Column. : 


DCk»Vy rVor eee 


Vv; 7 a four character vector name 


5.2 | Example 
- Column Le - 33 
DCL;XUPB,YUPB,XLOB;YLOB 


6.0 SYSTEM PARAMETER Data Statement (Section 7.3.1) 


6.1 Syntax 
Column 1 5 


PAR yp, ig rPorVor eee 


Pe a four character system parameter name 
Vv; 7 a numerical value which may be: 
(1) decimal, floating seine 
(2) decimal integer i (Refer a 


Section 7.1) 
(3) octal integer 


6.2 Example — 
- Column = 15 


PAR MXIT ,L050,RLOC 14025, AZRO,1. 5-6 


SET Data Statement (Section 7.3.1). 


a 


Syntax 

Column rane 36 

| SET 9 ser orien 

v; ~ a four character vector name 

0; - a set option which may be: 
(1) decimal, floating point number 
(2) ODS data set indicator. 
(3) activity indicator 

Example 

Column 1 5 


(Refer to 
Section 7.1) 


SET ;XUPB,0.,PVAR,A,YLOB,D6:XTPN;:2.0+2 


ALTER Data Statement (Section 7.3.1) 


Syntax — 


Column a | 5 


ALT+C1 -X1,V1,C2,L2,V2500% 


cc, ~ a four character vector name 


Yr; ~- a one to four character variable name 


vs - a decimal, floating point number 
; or sO os 
an activity status (A or TI) 


(Refer to ) 
Section 7.1). ..- 


8.2 Example 

Column 1 5 
ALT ,XUPB,XXLA;260E—L, XLOB;XX46 14s 5 76E-8yPVAR XXBA,A © 

9.0 TAB Data Statements (Section 7.3.1) 


9.1 TBX Data Statement (Section Tae) 


9.1.1 Syntax... 


Column Les 9 21 33 45 57 


TBX» vi Vo V3 Vy Vs 
Vv. -~ a ae character name of a vector Seo ce rence with 


independent process variables 


9.1:2 Examples 
Column i 9 21 33° 450 57. 
TBX XUPB XLOB XUTR XLTR XFEML 


9.2 TBY Data Statement (Section 7.3.1) 


9.2.1 Syntax 


Colum 1 #9 | 21 =. 33 45 57 
TRY Vy MG we. * Vv, Vg 
Va. ee four hanaeeen name ofa Goetox associated with- 


dependent process variables. 


9.2.2 Example . . 
Colum’ sl 9 22 33 9. 45.° 57 


-TBY  YUPB = YLOB_ = YUTR YLTR’- -YEML- 


Deg 


9.3 Value Data Statements (Section 7.3.1). 


Syntax 


"X - a one to four character process variable name 


) 21 


ei eo €3 


e-- a floating point, decimal number . 


9.3.1 
Column — 2 
x 
9.3.2 Example 
Column 2 
XX4A 
9.4 ENT Data Statement 
9.4.1 Syntax 
Column LE .5 
ENT 


9.5 Example of Tabular 


Column 1. 


TBXy 
PRVI 
NPTG 

TBY; 
MTHG 

ENT 


33 . 


45 


ey 


9 21 33 
+204369922E3 0.2 -4.8E-2 
(Section 7.3.1) 
Input 
9 21 33 
XDEL XLTR  XEML 
0556E-6 2-0. ei:O 
e(5E-3 2000.0.02 
YUPB YLOB YUTR 


1500.0 


10.0 END DATA Data Statement (Section 7.3.1) 


10.1 Syntax ~ 
Column 1 


END 


~750.0 1495. 


762.0 


57 


(refer to 
Section 7.1) 


45 


2 5E-E 


45 


XAML 
e5E-1 
e3E-3 
YLTR 


57 


60. 


57 


YDEL ~ 


4 33E-4 


11.0 FILE Command (Section 7.5.1) | 


11.1 Syntax | 


ha 


12.2° 


Column 1 5 


FIL»m,v, ny 1VosNos eee 


m - an octal integer. 


Vv; ~ a four character vector name 
‘ or 
MATX;xr where r is a one to four character 
process variable name 


n, - a decimal integer 
Example 
Column . 1 5 


(refer to 
Section 7.1) 


-- -FIL,/4065;XDEL,0O,XELL,»;64;MATX,PRVL,128 


GET Command (Section 7.5.2) | 


Syntax _ 
Column 1 5 
GET;m,vy My rVorNg,e see 
m - an octal integer 
Mee a one to four character vector name 
n; - a decimal integer 
Example 
Column 1 5 


GET ,/4070,YLOB;256,YDEL;64 


- 


(refer to 
“Section 7.1). 


13.0 


13.1 


14.0 


14.1 


16.0 


16.1 


16.2 


ACCEPT TEST ODS Command (Section 7.4.1) 


Syntax 
Column 1 


ATD 


DELETE TEST ODS Command (Section 7.4.2) 


syntax 
Column ‘1 


DTD 


DELETE UNIT COMMON Command (Section 7.4.3) 


Syntax 
Column 1 


DUC 


TURN ON PROGRAM Command (Section 7.4.4) 


Syntax 
Column 1 5 


TOP es! ? 
n - a decimal integer; ' ni99 - 
Example 
Column ey 5 - 


TOP +42. 


~ 


17.0 SAVE Command (Section 7.4.5) 


17.1 Syntax 


Column L 


SAV 


18.0 SOLVE Command (Section 7.6) 


18.1 Syntax 
Column 1 5 


SOL,Nn 
n - one or two 


18.2 Example 
Column 1 5 


SOL,;2 


19.0 PRINT Command (Section 7.7.2) 


19.1 Syntax 
Column 1 5 


PRI aVypVaorVareee 


v, ~ a four character vector name 
ors 


MATX,;x where r is a one to four character variable name . 


2922 Example | 
Column: a ek . 
PRT, XUPByXELLsYELL»XSTT»MATX;XVRI 


Ss aon 


20.0 MATRIX Command (Section 7.7.2) 


(20.1 Syntax: | 
Column ; 1 
MAT | 


. Be my 
fae 


21.0 DUMP Command 


Sia eyes, 
‘Column 1 5 
DMP rn, sHigy Hass oe 


n. - ODS data set indicators (C or Dn, On 9; 
refer to Section 7. 1) 


22.0 END OF TASK Command (Section 7.2.2) 


22.1 Syntax 
Column a! 


EQT 
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- APPENDIX E 


INTERNAL TASK FORMATS 


Internal tasks are generated by real~time functional programs 
and stored in bulk memory. The generating program presents the 
task to OPO and manipulates it (if necessary) Cheough calls on the - 
task management functions. The task sanagenent functions avail- 


able to the generating program are given in Section 8.2. 


There are three primary differences between external and in- 


ternal tasks that are of concern to the user: 


1) The commands and data statements comprising an‘ internal 


task are represented in an internal format. 


2) An internal task is headed by a task status word which 
may be interrogated by the generating functional program to 


determine the status of the task. 


3) The task management functions are invoked by setting up 


of parameters and functional program turn-ons. _ 


The meanings of the commands and data statements used in an 


internal task are identical to their meanings in external tasks. 


E.1 COMMAND AND DATA STATEMENT INTERNAL FORMATS _ 


| The internal formats for each command and data statement are 
given in Section E.4. The internal formats are designed to: 


- 


1) Occupy less memory space than the external formats. ~ 


2) Minimize the effort required for the user to generate an 
internal task and yet retain a high degree of similarity to 


the syntax of the external formats. 


3) Minimize the number of conversions that must be performed 


by OPO in processing commands and data statements. 


A command expressed in its internal format may be viewed as 
a parameter block for OPO. The general form of an internal format 


is: 


1) The command or data statement keyword in the first word 


of the command. 
2) The command length in the second word of the command. 
3) + $j(Command parameters in succeeding words. - 
Be deed Keywords 


The beoeands (o BOT, DCL, FIL) are expressed in the char- 
dees code of the system (Common Peripheral Code or ASCII). The 
keyword is left-justified in the word. | Assuming Common Peripheral 
-Code (CPC) to be the character set éede of the system, a FIL ae 
word would appear as 26314320, in the internal representation. 


In ASCII, the keyword would be 106111114,. “The PAL pseudo-op 
CON A;3,XXX 


is a convenient way of generating a keyword. 


E.1.2 Command Length . 


Pye: eoumna length, éeeupying thé second word of the command, 
is the number of words required for storage of the command. The ; 
number is err as a single precision, binary integer. The 
command length includes the words required to hold the paieed and 


the command length itself. 


A FIL command requiring 20,9 words of bulk storage for its 
parameters will have a command length of 22,,) words. The first two 


words of this command in its internal format would appear as: 


L - 26314320 
L+1 00000026 


assuming Common Peripheral Codes (CPC). 


E.1.3 Parameters 
Parameters may be classified as: 
1) Vector and variable names 


2) Numerical Values 
a) double precision, floating point - 
b) single euceieeua integers 
: i) "task priorities | 


ii) unit numbers —- 


3)° Data set indicators 


4) Activity status indicators 


5) Task identifier 
Vector and Vartable Names 


Vector and variable names require two words in an internal 
command, regardless of the length of the name. The names are. 
expressed in the character code of the system (Common Peripheral 


Code or ASCII) and are left-justified in the first of the two words. 


The vector name XSTT would appear as 


in an ASCII system. 


The variable name X2 would appear as 


67022020 


20202020 


in a CPC system and as 


130062040 


| 040040040 


in an ASCII system. 


Numerte Values 


All numbers, regardless of precision, reguire two words in an 
internal format. Double precision numbe:zs occupy both words while 
an integer must be right-justified in the second word with first 


word containing zeros... 


All numbers are expressed internally in binary. The PAL 
pseudo-ops, CON and DCN, provide a convenient way to provide the. 


numbers in the generating program. 


Examples: 


double precision, floating point, decimal number - 


DCN F,2.325E2 


single precision, decimal integer 
CON 0;0 
CON D,9 
single precision, octal integer 
CON 0,0 
CON 0; 76 
Task priorities and unit numbers, subject to the restrictions 
specified in Section 7.1, are treated as single precision, decimal 


integers. _ 


Data Set Indicators 


The data set indicators (U, C, and Dn; refer to Section 7.1) | 
each require two words in an internal format. The first word 


always contains zero. The indicator is in the second word. 


The indicators U and C are left-justified in the second word. . 
Thus, 


CON 0,0 
CON Ayi,U 


will generate a data set indicator specifying unit common. 

The ODS specifier Dn is handled differently. The Dis dis- 
carded and n is treated as a decimal integer rtght-justtfted in 
the second word. The data set indicator D4 (in its external 
representation) would be generated internally by 


CON 0,0 
CON D4 


Activity Status Indicators 


The activity status indicators (A and I) require two words in 
an internal format. They are analagous to the data set indicators 
U and Cc. The PAL pseudo-ops 


CON 0,0 
CON A;hyl 


generates an activity status in its internal form. 


Task Identifters 


A task identifier also requires two words in an cen format. 
The first word ne filled with zeros while the identifier is left- 
justified in the second word and expressed in the character code of 
‘the system. The PAL pseudo-ops | | 


CON 0;0 
CON A+2,AB 


generate the internal form of the task identifier AB. 


The internal formats of each OPO command and data statement is 


given in Section E.4. | 


E.2 TASK STATUS WORD 


|The task status word (TSW) is a flag word allocated by the 
user at the head of his task. The TSW must occupy the bulk memory ~ | 


word immediately preceding the BOT command of the task 


L TASK STATUS WORD 
L+i | BOT 


It is the location of the TSW that the user furnishes ACCEPT | 


TASK when presenting the task to OPO. 


The structure of a TSW is illustrated in Figure E-l. 


Figure E-l .Task Status Word Structure 


Fach of the items in a TSW is a one bit flag having an on-off 


setting. The items are each defined below. © 


TASK ACCEPTED (TE; bit 5) 


. 
Set. (1) - The task has been accepted by ACCEPT TASK 
and has been entered in the appropriate 
unit task queue. 


Reset. (0) - The task has not yet been accepted by 
ACCEPT TASK and is not ce in‘a unit! Ss 
task queue. 


TASK. STARTED (TS; bit 6) 


Set (1). ~ Execution of the task has been initiated; 
the first command in the task is either 
being processed or has been processed. 


Reset (0) - Processing of the first command in the 
task has not been initiated. 


TASK DONE (TD; bit 4) 


Set (1) - The task has been terminated and is no | 
longer in the OPO unit task queues. The 
task may have been terminated by Sete Sene, 
abortion or successful completion. 


Reset (0) The ‘task ee not oee been terminated and 
is still ina unit task ae e er 


_ TASK DELETED (TO; bit n 


Set (1) ~ Execution of the task was never iv@etatea 
and the task has been removed from its 
unit's task queue as the result of a call 
on the task Meroe re ay function DELETE one 


Reset (0) ‘the | task has not been deleted. 


TASK ABORTED (TA; bit 1)_ 


Set (1) 


Reset (0) 


- The task’ has been aborted, either as a 


result of an operator response to an 
error or because a class 6 error was 
encountered (refer to Section 9 of this 
manual and to the OPO Operations: Manual). 


The task has not been aborted. 


UNIT INACTIVE (fils DLE. 2) 


The meaning of this flag is defined only when the 
TASK ABORTED flag is set. 


Set (1) 


Reset (0) 


The task has been aborted because it was 
directed at a unit which is either un- 
allocated or allocated and inactive. 


The task has been aborted, but not 
because the unit was inactive. 


ODS INACTIVE (DI; bit 3) 


The meaning of this flag is defined only if the 
TASK ABORTED flag is set. 


Set (1) 


Reset (0) 


The task has been aborted because it was 
directed at an ODS which was either un-: 
allocated or allocated and inactive. 


The task has been aborted but not 
because the ODS was inactive. 


TASK CORRECTED (TC; bit 0) 


Set (1) 


Reset (0). "= 


The task has been corrected in the user's 
bulk memory task area as the result of an 
operator response to an error diagnostic. 
The pertinent point is to note that the 
task has been altered in some fashion be- 
tween the time it was entered into OPO- 

and the time that its execution was com- 


pleted. 


No task correction has occurred. 


E.3 TASK MANAGEMENT CALLS 


The procedures for the invoking of a task management function» 
by an internal user are given in Sections 8.2 and 8.3 of this 


manual. 


£.4 COMMAND AND DATA STATEMENT INTERNAL FORMATS 


This section contains general forms, for each somnend and data 
statement, of their internal formats. Component groups are denoted 
by a solid line along side the words in the appropriate commands. 
Each component type sonul eben in a given command appears at least 


2 


once in the appropriate general form. 


E.4.1 BEGIN TASK 


word 1 

2 command engeh 

. | 

4 | task identifier 

iY 

6 task scieeiey 

: 7 | | 

8 “unit numer. ° | 

9 
10 data set iiateatoe 


E.4.2 LOAD UNIT COMMON 


word 1 LUC 


feu 

Oo 
we 
ao 


command length 


3 0 

4 _ number of independent process variables 
x (single precision, binary integer) 

6. af number of dependent process variables 

y (single precision, binary integer): 

8 : ees number of implicit process variables 

1 (single precision, binary integer) 

a i 
10 e _ bulk storage requirements for unit 

WwW (single precision, binary integer) 


word 1 BTD 


command length 


bo 


ODS number (single precision, 
binary integer) 


word 1] BTD 


N 
# 


command length 


B-12 - 


MODIFY 
word 1 
2. command length 
DECLARE 
word 1 
2 command length 
3 
4 | vector name 
5 
P } vector name 
7 | 
3 | vector name 


E.4.6 SYSTEM PARAMETER 


command length 
parameter name (left-justified in first 


word of a two word blank) 


parameter value (double precision, 
floating point binary number) 


-ODS number (single precision, 


binary integer) 


parameter value (single precision 
binary integer) 


command length 


vector name (left-justified) 


initialization option value (double 
precision, floating point binary number) 


.ODS number (single precision, binary 


integer) 


activity status (A or I in character 
codes, left-justified) 


E-15. -. 


- £.4.8 ALTER 


word 1 


2 command length 
3 vector name (left~justified) 
4 
5 variable name (left-justified). — 
6 
7 value (double precision, floating 
point binary number) 
8 
9 
10 
11i 
30> 
13 — 
14 activity status (A or I in) 


character codes, left-justified) 


E.4.9 Tabular Input 
TBX 
word 1 


command length 


vector name 


a oo & WwW 


E-16 |. 


A maximum of five vector names may be specified ina TBX 
statement. A TBX statement with no vector names is valid when 
the statement and its associated value statements are to be used 


only to define independent process variable names. 


word 1 
2 “command length 
3 : 
vector name 
r 
5 
6 


A maximum of five vector names may be specified in a TBY 
statement. _A TBY statement with no vector names is valid when 
the statement and its associated value statements are to’ be used 


only to define independent process variable names. 


“value Statement . 


word 1 
command length 
3 variable name 
4 
5 value (double precision, floating 
| point, binary) 
6 
7 
8 “ 


j The number of values (f£) specified in a value statement must 
be exactly equal to the number of vector names specified in the 


preceding TBX or TBY statement. ~ - — 


2 command length 


E.4.10 DEFINE 


word 1 


2 


uw . Ww 


E.4.11 END. 


word 


oN 


END 


command length: 


vector name 


command length 


“Berg 


E.4.12 FILE 


word 


1 
2 
3 


co 


E.4.13 GET 


word 


command length 


core memory address of interlock status 


block (single precision, binary integer) . 


vector name (left-justified) 


r 


| 
relative address in disc area (single 
precision, binary integer) 


variable name (left-justified) 


relative address in disc area 
(single precision, binary integer) 


command length 


interlock status block address “a 3 . 
(single precision, binary integer) © 


“vector name (left-justified) ~ 


relative address in disc area. 
(single precision, binary integer) 


E.4.14 


E.4.15 


E.4.16 


E.4.18 SAVE. 


ACCEPT TEST ODS 


| word 1 ATD 


: 


DELETE TEST ODS _ 


DELETE UNIT COMMON 


word 1 DUC 


TURN ON PROGRAM 


word 1 SAV 
2 


2 ‘ 


command length 


command length 


command length 


command length 


binary integer) | 


command length _ 


program number (single precision, _ 


01S 


E.4.19 SOLVE 
word. 1 | SOL 


2 eas "command length | 


4 starting basis option (0 or 1; single » 
precision, binary integer) 


E.4,.20 PRINT. 


word 


command length 


vector name (left-justified) 


variable name 


. EL22A. ©. 


E.4,21 MATRIX 


2 ee command length 


7 
i 
| 
t 
i 
} 
‘ 
- 
e 
* 
' 
& 
> 
t 
ry 
< 
° Bs 
> 
* 
+ 


Beg 


command length 


| ODS data set indicator 


E.4.23 END OF TASK 


word 1 EOT 


2 2 command length 


E.5 INTERNAL TASK EXAMPLE 


An OPO task will be presented in both its external and inter- 
nal representations. The internal representation will be in the 
form of PAL pseudo-ops which would generate the appropriate formats - 


is assembled. 


The task in its external form is shown in Figure E-2. ‘This : 
is one of the two tasks which appeared in Figure 6-l-of this 
manual. 


(single precision, binary integer or C) . 


BOTsAAslslsU - 
LUCs39390310128 
DCL sUXUB »LXUB sUYUB UXLB sLXLBoLYLB 
SET»UYUB91e0s LYLB»060 
PAR »sUMXT»210505 UPMNsleE-4 
TBXs UXUB . LXUB -~ UXLB LXLB 
FEED 100000,.0 99000.0 5000020 5000.0 
PRES 150.0 149 9 55-20 eo55E1 
- TEMP 700.20 650.0 3e25E2 300.0 
ENT - 
TBY > 
PRODI 
PRD2 
PRD3 
ENT 
DEF sUXUB > LXUB,UYUB,UXLB»LXLB»LYLB 
END 
EOT 


Figure E-2 OPO Task in External Format 


; The task in its internal form appears on the following two — 


pages. Some items of interest concerning the internal task are: 


1) The use of the pseudo-ops to achieve the proper number of | 
words for a eocneree. For example, CON A,5,xxx reserves two 
words for 3 wane regardless of the character code (Common 
Peripheral Code or ASCII) used in the system. DCN D,nnn ee 


also very useful. 


2) Only the first empty component of the TBY statement must . 
be explicitly zeroed ieee card 71). ‘The first ree ara 
| Ser: 7 or TBY statement implies that the remainder of Ee 7 
components are also empty. ‘OPO then DEOgeEos to process value 


statements. 


Card 


No. 
1 CON 
2 CON 
3 CON 
4 CON 
5 CON 
6: DCN 
7 DCN 
8 CON 
9 CON 

10 CON 
11 CON 
12 DCN 
13 DCN 
14 DCN 
15 DCN 
16 CON 
17 CON 
18 CON 
19 CON 
20 CON 
21 CON 
22 CON 
23° CON 
24 CON 
25 CON 
26 CON 
27 DCN 
28 CON 
29. ° DCN 
30 CON 
31 CON 
32 CON 
33 DCN 
34 CON 
35. DCN 
36 CON 
37 CON 
38 CON 
39 CON 
40 CON 
41 CON 
42 DCN 
43 CON 
44 CON 
45 CON 
46 DCN 
47 DCN 
48 DCN 
49 DCN 
50 DCN 
51 CON 
52 | CON 
53 CON 
54 DCN 
55 DCN 


Figure E-3 


030 
As3sBOT 
Dsi0 

030 
As2sAA 
Dsl 

Dsl 

0,0 
AslsU 
As3eLUC 
Ds10 

Ds3 

Ds3 

D0 
D»10128 © 
Ase3sDCL 
D914 
As5sUXURB 
AsSeoLXUR 
As5  ,UYUS 
As5sUXLR 
As55LXL8 
AsSsLYLB 
As39SET 
Ds10 


AsSsUYUB: 


Fele0 
AsSsLYLR 
F 30.0 
As39PAR 
D»s10 
AsS sUMXT 
Ds1050 
As53UPMN 
FesleE-4 
A3»39TBX 
Ds12 
As5sUXUB 
A»s5SeoLXUB 
AsSsUXLRB 
As5sLXLR 
D0 
030 
Dsi4 
As5,5FEE 


Fs10C000.0 
F399000,0 . 
F»50000,0 


Fs5000.6 07 
D,0. 

D3:0 

Ds14 
AsSePRES 
Fs150.9 
Fs149.9> 


TASK STATUS WORD 


BOT 


LUC 


DCL 


SET 


PAR 


TBX 


KEYWORD 


TASK IDENTIFIER 
TASK PRIORITY 


UNIT NU 


DATA SET INDICATOR 


KEYWORD 


COMMAND LENGTH 

NOs OF INDEPENDENT VARIABLES | 
NOe OF DEPENDENT VARIABLES 
NQe OF IMPLICIT VARIABLES 


COMMAND LENGTH - 


MBER 


UNIT BULK STORAGE REQUIREMENT 


KEYWORD 


COMMAND LENGTH 


VECTOR 
VECTOR 


“VECTOR 


VECTOR 
VECTOR 
VECTOR 
KEYWORD 


COMMAND LENGTH 


VECTOR 


INITIALIZATION VALUE 


VECTOR 


INITIALIZATION VALUE 


KEYWORD 


COMMAND LENGTH 
ER NAME 
ER VALUE 
ER NAME 
ER NAME 


PARAMET 
PARAMET 
PARAMET 
PARAMET 
KEYWORD 


COMMAND LENGTH 


VECTOR 
VECTOR 
VECTOR 
VECTOR 


EMPTY TBX COMPONENT 


NAME 
NAME 
NAME 
NAME 
NAME 
NAME 


NAME 


NAME 


NAME 
NAME 
NAME 
NAME 


VALUE STATEMENT 


COMMAND LENGTH 

INDEPENDENT VARIABLE 
VALUE FOR UXUB(FEED) 
VALUE FOR LXUB(FEED). 
VALUE’ FOR UXLB(FEED)- 
VALUE FOR LXLB(FEED) 


EMPTY VALUE STATEMENT COMPONENT 


VALUE STATEMENT 
COMMAND LENGTH 
INDEPENDENT VARIABLE 
VALUE FOR UXUB (PRES) - 
VALUE FOR LAUB(PRES) 


‘Internal Task Example .. 


3) 


-25. 


56 DCN 
57 DCN 
58 DCN 
59 CON 
60 CON 
61 CON 
62  . DCN 
63 ‘DCN 
64 DCN 
65 DCN 
66 DCN 
67 CON 
68 CON 
69 ° CON 
70 CON 
71 DCN 
72 BSS 
73 CON 
74 CON: 
75 CON 
76. 88S 
77 CON 
78 CON 
79 CON 
80 BSS 
81 CON 
82  . .CON. 
83 CON 
84 BSS 
85 CON 
86 CON 
87 CON 
88 CON 
89 CON 
90 CON 
91 CON 
92 CON 
93 CON 
94 CON 
95 CON 
96 CON 
97 CON 
98 CON 


F»55-20 
Foe55E1 
D0 

030 

Ds14 
AsS5sTEMP 
Fs500,0 
F»65020 
F93e25E2 
F»300.0 
D»0 
As3sENT 
D2 
As3sTBY 
De12. 
D0. 

8 

030 

D914 
As5sPRD1 
10 
050 

Dsl4 
As5sPRD2 
10 

0,0 


DOVES ashe « 2 


As5sPRD3 


Ds2 
Ay39DEF 

Dsl4 
As5sUXUB 
As5sLXUB 
As5 5UYUR 
As5sUXLB 
As55LXLR 
AsSeLYLRB 
As3sEND 
Ds2 
As3sE0OT 
Ds2 


VALUE FOR UXLB(PRES) 
VALUE FOR LXLB(PRES) 
EMPTY VALUE STATEMENT COMPONENT | 
VALUE STATEMENT 
COMMAND LENGTH 
- INDEPENDENT VARIABLE NAME 
VALUE FOR UXUB(TEMP) — 
VALUE FOR LXUB(TEMP) 
VALUE FOR UXLB(TEMP) 
VALUE FOR LXLB(TEMP) 
EMPTY VALUE STATEMENT COMPONENT 
ENT KEYWORD 
COMMAND LENGTH 
TBY KEYWORD 
COMMAND LENGTH 
EMPTY TBY STATEMENT COMPONENT 
4 MORE EMPTY COMPONENTS 
VALUE STATEMENT , 
COMMAND ‘LENGTH | 
DEPENDENT VARIABLE NAME 
5 EMPTY COMPONENTS | 
VALUE STATEMENT 
COMMAND LENGTH. oo 
DEPENDENT VARIABLE NAME - 
5 EMPTY COMPONENTS 


_ VALUE -STATEMENT 


__ COMMAND LENGTH 
DEPENDENT VARIABLE NAME 
5 EMPTY COMPONENTS 
ENT KEYWORD ; 
COMMAND LENGTH 
DEF KEYWORD 
COMMAND LENGTH 
VECTOR NAME 
VECTOR NAME © 
VECTOR NAME 
VECTOR NAME 
VECTOR NAME 
VECTOR NAME 
END KEYWORD 
COMMAND LENGTH | 
EOT KEYWORD . ae 
COMMAND LENGTH 


‘ * 


3) Because no vectors were specified in the TBY statement, 


only the variable name component of the associated value 


‘statements will be examined by OPO. Thus, the value compo~ ' 


nents of ‘the value statements need not ie explicitly zeroed | 


although the words must be allocated. (see. cards x 84). 


APPENDIX F 


REPORT FORMATS 


Iteration Log 


APPENDIX F 


"REPORT FORMATS 


The iteration log is printed under control of the report con-~ 


trol parameter RPRT. If this parameter contains a one (1), 


iteration logs are printed as often as specified in the parameter . 


MXIL. 


i 


“If the user makes no specification, every tenth iteration is 


logged. 


The iteration log will present the following data: 


I 
1) 


2) 


3) 


4) 


5) 


6) 


7) 


KITT, 


Index 
Index 
Value 
CBJL, 


Cause 


Unit and optimizer data set identification © 


a 


number of iterations in move 

of variable sipeviee poste 

of variable leaving basis 

of the pivot element for the iteration- 

‘vine of the objective function after iteration 
of iteration (0 eeeton a optimize) 


a 


NOTE 


Independent variables are indexed from 1. 
Dependent variables are indexed from 1001..- 


Subset Select Log 


. Subset select cycles are logged if iterations are logged. - 

They may be specified without iteration logs by placing a two (2) _ 

in the report control parameter RPRT. ‘The frequency of logging 

| is specified in MXSS. Subset select Sveiee will be degaea for — 
ophimieeneveles:, but not invert cycles. | 

The subset select log will present the following data. 


t ‘ 


j 


1) KSSS 4 number of subset select cycles in step. 


2) KXCH number of exchanges made in cycle. 


3) KXBS the number of pivot steps involved in transforming 


the matrix 
4) OBJL the objective function value. 
5) KITT the number of iterations in move. 


( 


6) -KRET number of variables rejected due to unacceptable 


pivots. . 


7) UNIT and ODS identification _~ a ee 


Step Logs 


Step logs will be printed if subset select logs are printed. 


3 


Step logs may 


be printed without subset select logs by placing a 


four (4) in the parameter RPRT. The frequency of printing step 


logs is controlled by the parameter MXSL. 


If the user makes no specifications, every tenth step is 


logged. 

Jane step 
1) KSTP 

2) out 
3) KITT 
4) KSSS 
5) KREJ 
pivots. 


6) UNIT 


t 
{ - 
; 
H 


logs will present the following data. 
number of sans cousreced in oue 
objective function value 

number of iterations in move 
numbers of subset select puis in step. 


number of variables rejected due to unacceptable 


and ODS identification 


Solutton Report 


The solution report is printed under control of the report 


control parameter RPRJ. If this parameter contains an eight (8), 


a solution report is printed at the end of each move and at step | 


intervals specified by the parameter MXSO. 


If the user makes no specification, the solution report is 


printed at the end of each move. 


“The solution report will present the following data. 


| 


1) UNIT identification 
i 2) Optimizer va eee ere 
3) Time of day — 
4) KSTP the number of Sesn8 di the move 
5) OBJL the value of the objective function‘at the end of 
the move | | 
6) KITT the number of iterations in the MOVE 
7) The number of infeasibilities | 
8) the number of variables outside the target range . 
9) The improvement in the objective function : 


For each variable the solution report will show: 
1) Variable label. 


2) Optimum value of the variable. For independent variables, 
this is the value determined by the solution. For dependent — 
variables, this is the value generated by calling MODEL 


with the optimum values of the independent variables. 


3) Seekus indicates the status of the variable at the 
optimum with respect ee four Ee peEUGE bounds; 

a) OL (ontes 1anies 

b) ML (move limits) 

c) TG [eaveces) 


ad) ST (step limits) 
The status indicators are interpreted as follows: 
-~2 optimum value is less than ieee limit 
~l optimum value is at the pouese limit 
0 optimum value is between nayee and upper limits 
1 optimum value is at upper limit 
2 optimum value ‘is greater than upper Limit 


9 the variable is not being set by the LP 


[ 


‘ 


4) BOUNDS gives the most restrictive limits of feasibility 
which were applicable for each step. Each bound value ie. 
followed by a code which denotes the type of limit which 


was the bounding value. 


lL = outer limit: 
2 = move limit - 
3 = step limit 


5) ‘Target gives the upper and lower limits of the target. 


range for the variable. 


Reduced Cost Report 


The reduced cost report is printed under.control of the re- 
port control parameter RPRT. If this parameter contains a six- 
teen (16), a reduced cost report is printed at the end of each 


move and at step intervals specified by the parameter MXRC. 


If the user makes no specification, the reduced cost report 
is printed at the end of each move. — 7 


The reduced cost report will show: 


1) Variable name | - : 
} 2) Indicator if variable is basic (B) 


3) Reduced cost,i.e., the cost- of- moving -a non~basic variable 

in the positive direction : 2 
4) Effective cost, including target penalties, of moving a 
non-basic variable in the positive direction. 


heport Seleetton 


Report . RPRT Frequency 


Iteration Log . 1 at each MXIL iterations 


Subset Select LOG | 1 or 2 at each MXSS subset 


select cycles 


Step Logs 1 oe 2 or 4 at each MXSL a a 
Solution Report 8 at each MXSO steps 
and at end of move 

; Reduced Cost 16 at each MXRC steps 
Report and at end of move‘ 


Any combination of reports may be obtained by setting RPRT 


to the sum of the settings required to get the individual reports. 


Matrtx Command Qutput 


The matrix command will cause the printing of a full matrix 
tableau. For each row and column the following data will be in- 


cluded:. 


1) Variable identification 


7 , NOTE 
Independent variables are indexed from l,, 
dependent variables are indexed from 1001. 
| 
2) Upper bound | 


3) . Variable value ™ 


For each non-basic variable (column), there will be included 


the reduced cost (DJ). 


When the matrix contains more columns than can fit on a 


single page, the excess columns are output on additional pages. 


~ 


Print Command Output 


ane output generated Bee a print command is a tabular stout 
of all fie vectors named in the print aoumana: Seven vectors can 
be accommodated on a page. AS many pages as necessary will be. 


used to accommodate all the vectors named in the command. 
Each page will be headed by a line which includes: 


1) Unit identification 
2) Data set identification 


3) «Time of day 


7 ‘ ; i - i F ss . . 7 . e oo : | ; - F-11 


Dump Command Output 


.The output of a dump sénuand As a tabular output of all the 
vectors in a data set. Seven vectors can be accommodated Sane 
page and as many pages as necessary are used to output the entire 
data set. Data set parameters are output as vectors of length 


one (1). 
' Bach data set dump is headed by a line which includes: 


1) Unit identification 
2) Data set identification 


3) Time of day 


ITERATION LOG 


INTERATIO 


N 


mH EraNIADY 


oR Uu UW Wn ot Un 


REPORT FORMAT EXAMPLES 


AAAA BBBB CCCC .»DDDDDE+DD eFFFFFFFE+FF G HH 


NUMBER OF ITERATIONS IN MOVE 
INDEX OF ENTERING VARIABLE. - 
INDEX OF LEAVING VARIABLE 
VALUE OF PIVOT | | 
NEW OBJECTIVE FUNCTION VALUE 
O,INVERSION 1s0PTIMIZATION 
UNIT 

ODS 


' SUBSE? SELECTION LOG 


SUBSET SEL AA AA BRBB CCCC e DDDDDDDE+0D FFFF GGGG HH II 


STEP LOG 


STEP LOG 


—~cOnIAD>YS 


Hol ton tt WoW ou 


“tanonwr 


NUMBER OF SS CYCLES IN STEP 
NUMBER OF EXCHANGE MADE IN CYCLE 
NUMBER OF PIVOT STEPS IN UPDATE 
NEW OBJECTIVE VALUE 

NUMBER OF ITERATIONS IN MOVE 
NUMBER OF REJECTED PIVOTS 

UNIT IDENTIFIER 

ODS IDENTIFIER 


AAAA .«88888BBBE+BB .CCCCC DDDD FFFF GG HH - 


hou HH H H a ot 


NUMSER OF STEPS IN MOVE 
OBJECTIVE FUNCTION VALUE 
NUMBER OF ITERATIONS IN MOVE 
NUMBER OF SS CYCLES IN STEP 
NUMBER OF REJECTED PIVOTS © 
UNIT IDENTIFIER 

OOS INPENTIFIER 


II 


SOLUTION REPORT 


UNTR == ..0pS 2] “Fae Seewse STEP ----  OBJECTIVE-~- 
INTERATION ----- INF --- OUT OF PNG --- OBJ IMP ------- 
VARBL OPTIMUM STATUS BOUNDS _ 
LABEL VALUE OL ML TG ST LOWER * UPPER * 
CC DD EE FF 


AAAA BBBBBBBE+BB 


VARIABLE LABEL 
OPTIMUM VALUE 


LOWER 
LOWER 
UPPER 
UPPER 
LOWER 
UPPER 


r-ROe TA NMIND YS 
hom nm tn on om Won th nono 


REDUCED COST ° 
REDUCED COST 


OUTER LIMIT STATUS 
MOVE LIMIT STATUS 
TARGET LIMIT STATUS 
STEP LIMIT STATUS 
BOUND VALUE 
BOUND TYPE | 
BOUND VALUE 
BOUND TYPE 
TARGET VALUE 
TARGET VALUE 


VARBL #* 


AAAA B 


ou nm on 


VFN > 


MAT COMMAND OUTPUT? 


UNIT ~= DATA SET -- TIME 
LABEL - | 
UPPER BD 
VALUE | 
DJ 


«BBBBBE+B 
»BBBBBE+B 


AAAA 
AAAA 


eCCCCCE+C 
eC CCCCE+C 


VARTABLE LABEL 
BASICsB OR NON-BASIC 
REDUCED COST 

EFFECTIVE COST 


we ene ee PO ee 


AAAA |. 


eBBBBBEtB 


eCCCCCE+C 


e DDDDDE+D 


oS FFFFEtF 


«FFF FFE+F 


A= VARIABLE. LABEL 
B=UPPER BOUND ON VARIABLE 


} _ _ C=VARIABLE 


VALUE 


DJ 


ccccccccccccc 


AAAA 
e BBBBBE+B 


o CCCCCEFC 


«DDDODE+D 


oFFFFFE+F 
oFFFFFE+F 


D=VARIABLES REDUCED COST 
F=MATRIX ELEMENT VALUE 


AAAA 


-BBBBBE+B 
eCCCCCEFC 
~DDDDDE+D 


eFFFFFE+F 
eFFFFEESE 


ome mae ate ee wee weeny matt * 


TARGETS 


LOWER 


DJi 


DDDDDDDDDODDDD . 


AAAA 
.BBSBBE+B 


eCCCCCE+C 


*DDDDDE+D. 


oF FFFFE+F 


a FFFFFE+F 


UPPER 


GGGGGGGG H IITIITITII J KKKKKKKK LLELULLLL 


AAAA 
eBBBBBE+B 
CCCCCEFC 


e DDDDDE+D 


oFFFFFESF 


oFFFFFE+F 


PRINT COMMAND OUTPUT 
UNIT ~= DATA SET == TIME -~~--—- 
LABEL AAAA AAAA AAAA AAAA AAAA 


BBBB oCCCCCE+C eCCCCCE+C eCCCCCE+C eCCCCCE+C eCCCCCE+C 
BBBB eCCCCCE+C eCCCCCE+C eCCCCCE+C eCCCCCE+C eCCCCCE+C 


A=VECTOR LABEL: 


B=VARIABLE LABEL 
C=ELEMENT VALUE 


DUMP COMMAND OUTPUT 
UNIT -- DATA SET -- TIME -~----- 
AAAA AAAA AAAA AAAA AAAA 
eBBBBBE+B .B8BBRBE+B .BBBBBE+B «BEBBBE+B eBBBBBE+B 
CCCC cccc CCCC cece 


*DDDDDE+D .eDDDDDE+D .DDDDDE+D »DDDDDE+D 
sDDDDDE+D .«DDDDDE+D »«DDDDDE+D »«DDDDDE+D 


A=PARAMETER LABEL 
B=PARAMETER VALUE 
C=VECTOR LABEL 
D=VECTOR ELEMENT VALUE 


F-15- 


APPENDIX G 


OPO STATUS REPORT 


APPENDIX G 


' OPO STATUS REPORT 


A typical example of the general appearance of the STATUS 


eye 


REPORT is shown below. The numbers on the right are note: numbers 


to explanations of particular items in the report. 


QUEUE STATUS REPORT 


OPO BULK 0 /00302400 /702000. - 4 
UNALLOCATED OPO BULK /00520500 /466700 | , 


UNIT 1 DESCRIP /026420 UNIT BULK /C25700. 
UNSED UNIT BULK /00342200 /025700 
QUEUE PRIORITY 03 TIME 093848 TASK-IN-PROGRESS C7 


TASKS PRIORITY TIME SOURCE DATA SET 
C7 03 093848 4 /00104307 cae 
A4 L2 094034 CARD READER  U 
| DATA-SETS BASE LENGTH 
U 100306400 /017400 
—h-C -- 00326000 -/014200 © 


UNIT 2 DESCRIP /016432 UNIT BULK /00370100 /041400 
UNSED UNIT BULK /00511100 /004400 , 
‘QUEUE EMPTY 
DATA~SETS BASE . LENGTH 
U ~ /00410100 /020600 


UNIT 3 DESCRIP /016444 UNIT BULK 100431500 1037600 
UNIT DELETED . 


UNIT 4 DESCRIP /016456 UNIT BULK /00471300 /024200 
UNSED UNIT BULK /00430700 /000600 
QUEUE PRIORITY O7 TIME 093619 NO TASK-IN- ~PROGRESS 


TASKS PRIORITY TIME SOURCE DATA SET 
RP O07 093619 0 /00766470- ot 
DATA~SETS BASE . LENGTH ae 48 
U 100473300 /005400 
Lh 700500700 /0041,00 
2C /00505000 /004100 . 


END REPORT 


NOTES 


1) The single’ number is the system bulk controller number. 
The eight octal digit number following is the base address 
of OPO system bulk storage. The last number is the original 


size of CPO bulk storage. 


2) Wherever two numbers appear, as here, the first will be 


the base location and the second the size of the area. 


3) The permanent core location of Unit l's descriptor is 


7016420. 
4) The Task Time is the time the task was accepted by OPO. 


5) The letter U and C mean Unit Common Data Set and Con- 
: yO e 
trol Data Set, respectively. 


6) Unit 2 has no tasks to execute, therefore, its queue is 


empty. 


7) Unit 3 has been deleted, but it's allocated storage 
remains in force because of the existence of Unit 4. 
8) Although Unit 4 has tasks to process, none is currently 


in progress. 


APPENDIX H 


INTERLOCK STATUS BLOCK 


APPENDIX H 


INTERLOCK STATUS BLOCK 


The interlock status block (ISK) structure is as follows: 


L- 23 COMMUNICATION AREA BASE LOCATION 0} 
(CABA) 
WWIWA/CO}] CABC CAL UN 
L+2 ae | . -.9 


NUMBER OF READERS (NOR) 


Communteatton Area Base Loeatton (CABA) - The bulk memory address 


of the first word in the communication area. 


* 


< 


Communtcatton Area Bulk Controller (CABC) - The device number of - 
the controller in charge of the bulk memory device holding the _ 


communication area. 


Write Waiting Flag (WW) - The flag is set (1) when a write opera~ 
tion utilizing the communication area is pending, either because 

a prior write operation on the area is in progress or because read 
operations on the area are in pebgeede. The flag is reset (0) 


when there is no write operation waiting to modify the contents of 


the communication area. 


Write Active Flag (WA) - The flag is set (1) when a write operation 
is currently modifying the contents of the communication area. 
The flag is reset (0) where there: is no write operation on the 


area currently in execution. ->- 


Unit Number (uM) - If this item is zero, the communication yea” 
may be accessed by FIL or GET Bommande aa a ack divedted at any 
defined, be wemivey unit. If the item is Gaweera: it contains > 
a unit number. . The communication area may be accessed ose by 


FIL and GET commands in tasks directed at the specified unit.. 


Control ODS Only- Write (CO) - If reset (0), the communication area 
may be accessed by FIL or GET commands in a task directed at any 
data set - Gate common, a test ODS, or the control ODS. If set 
si. Sate FIL:and GET commands in tasks directed at a control ODS 


May access the area. 


« 


Communteatton Area Length (CAL) - The number of words in the 
communication area. 


4 


Number of Readers (NOR) - The number of programs currently reading 


data from the communication area. Each reading program increments 
NOR by one just prior to initiating an operation on the area and 
decrements it by one when the operation is completed. No write 


operation on the area should be initiated while NOR is non-zero. 


‘Usage 


The user is responsible for the allocation in core memory of 
all Yea eed Bacco: status blocks. An tedectaee-<tatus Micke 
may be assigned to saimanent core or to working core, at the user's . 
option. However, the ISB addresses specified in FIL aaa GET com- 
mands are absolute addresses. This means that if a specified ISB 
is relocated in core, its contents will be lost to OPO. 


The communication area protection items are only operable if 


external Hunee tenet Dregs eccene ig the areas properly update 
them. For eastened: if an een functional program initiates 
a logical read consisting of ‘several physical reads without incre- 
menting the Number of Readers, an OPO FIL command may initreate 24 
write operation between execution of two reads and destroy data 


desired by the external functional program. 


There should be at seaeay one ISB for each bulk communica- 
tion area that the user defines. Sharing an ISB between two or 
more areas by modifying its cantones or preyed ins. two or more ISB's 
for a Penne area will most probably result in the loss of area 


protection. 
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APPENDIX I 


STORAGE REQUIREMENTS 
1.0 CORE STORAGE REQUIREMENTS - | 


The following requirements are based on the size of the 


largest program in the OPO system. 


The minimum amount of core in which OPO can operate is 2000 
words. However, for increased efficiency, it is advisable to have 
approximately ‘4000 words available for OPO so that more than one 


system component can reside in.core at a given time. 


. In addition, OPO requires 50 words of common plus 10 words 
, : * x 

of common for each unit that the user's particular system can 

handle. The maximum number of units to be permitted is specified 


when the user's OPO system is installed. 


These requirements are in addition to any core required 


for the Monitor and other programs in the user's system. 


2.0 BULK STORAGE REQUIREMENTS 


The following ‘bulk storage estimates are based on the vectors 


required for models and units. 


Quantities used in the following discussions are defined as 


follows: 


Ny is the number of independent variables in the unit. 


Ny, is the number of dependent variables in the unit. 


The following restrictions hold on N, and N 


a _ 4 | 
Ny < 100 


Ny < 100 


2.1 OPO System Bulk Storage 


OPO System Bulk Storagecontains system constants (such as 
vector and parameter names) and as a holding area for information 
which must be temporarily saved. The unit queues are also located. 


in this section of bulk. 


Fixed OPO System Bulk Storage: _- 256 words 


ja-2 + 63 


Variable OPO System Bulk Storage: EA -64 words: 


where U is the maximum number of units that may be 
defined in the system and [a] is the 
integer portion of a. 
Unit task queues: U-64 words . " tee FP ee . | 
Total OPO System Bulk Storage: 256 + 4-0 + 63]. 64 
| + 64U words (H-1) 


2.2 Unit Common Bulk Storage Requirements 


Each defined (LUCed) unit has a unit common bulk area. Each 
unit common bulk area consists of an area fixed in size. The 


variable-sized area has lower and upper bounds. 
Fixed unit common bulk: 128 words: 
| Variable unit common bulk: 
Minimum size - | ro 
-64 words - | 
Maximum area 
ae Slee + = adi 63 Ny + 63 
+20 


oe Pi + af 


°64 words 
Thus, a sven unit common, may require from 


Ny + 63 + 63 My 4 63]{ og eae Oo 
C = 4 2+ | * 64 words | es (H-2) 


To 
| 20%) 4 + 63 (My ) +63 _~ 3 os C!!lCU TR 
Cec (20 (oS 1 422 | SS -64 words | (H-3) 
The actual size a given unit common bulk area is given by: 


2(Ny) + 63 2(Ny) + 63 ; . a 
Xo 20a) + 63} +Y¢ Cae *64 words (H-4)) 


a 
H 
Q 
ate 


ec Xq and Yq represent the number of editing vectors allocated 
in the unit common. X, represents the number of editing vectors 
associated with independent process variables and ¥q, the number | ow 


associated with dependent process variables. 


2.3 ODS Bulk Storage Requirements 


There may be one to nine optimizer data sets in each unit. 
A single ODS consists of a fixed and a variable area. The vari-: 


able area is bounded above and below. 


Fixed ODS bulk: +128 words 


Variable ODS bulk: the formulas for the variable area 
are lengthy and will be developed 


in stages. 


. 


s = 6(N, + 4) . 
t = 2(N. + 4) | . 
( y* ). 
1400-s 
rege: eee 
Be 2 
| ,1400-s 
( ra ) 1 
gq = . 2 . 


ue) 
tl 
a 
* 
! 
al ™ 
1 
1Q 
, ! 
ity 


fe] Feat Rae] 


+ feist + 63 | | 
-64 -s 3 . 
64 | words : (H-5) 


” csi ea: Se we eee a os oe cement 
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(M is the bulk storage requirement for the LP matrix) — 
Minimum variable ODS area (c) 


, a(n.) + 631 _- fom) +'63 a 
gd = M+ 415 ie +13 Beas) 64 words (H-6) 


no 


I-6A- 


Maximum ODS variable area (D) 
_ J. l2(y,) + 63] — |2(N,) + 6 
D = d+ < 6 ; x =i d +8 Fam + oi] -64 words (H-7) 
' The aebadl size of a given ODS is: 


~ f2an,) + 63 2(Ny) + 63 z + 63 _ 
d + \Xp |———7 .64 words (H-8) | , 


AD = 
0< X, <6 | . | _ | 7 
0 < Yp < 9 


where X,) and Yp represent, respectively, the number of optional 
ODS vectors associated with independent variables (e.g. XDEL) and 
the number of optional ODS vectors associated with dependent vari- 


ables (e.g YTPN) that were allocated by the user in the ODS. 


2.4 Total OPO Bulk Storage Requirements . 


The total requirement can be a widely varying quantity and 


depends on: 
1) The number of process units in the system 


2) The number of independent, dependent, and implicit 
process variables defined in each unit 

3) The number of optimizer data. sets (ODS) allocated in 
each unit _ | | | 


4) The number of optional unit common and ODS vectors 


allocated by the users in the wmits. 


Assuming the user has sufficient data at hand, equations H-1 
through H-8 will allow him to determine the bulk storage require- 


ments for any ODS, unit common, unit, or system. 


s 
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APPENDIX J 
HARDWARE AND SOFTWARE (MONITOR) REQUIREMENTS 
Hardware ; ook 


1) GE/PAC 4000 (8K core minimum, 16K sone Jceuiendeal 
2) I/O Typer | 

; 3) Card Reader/Punch 

4) Line Printer 


5) Bulk Storage Device (Disc, at least 131K) 
Software (Monitor) a 
1) GE/PAC Monitor, I/O Typer OPR System (with calendar option). 
2) Find working core storage program, FMR. 
3) Run system subroutine program, RMP. 
4) Six (6) consecutive functional program numbers. 


5) One functional program number for each process simulation 


program (MODEL). 
6) Double precision quasi package. 


OPO assumes that the bulk storage device is read and written | 


in blocks of 6h words: 


=> 
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APPENDIX K 


MODEL RESULT STORAGE RULES | 


When MODEL is called by OPO all communications are accom~ 
plished via a five word communications area OPOMOD in permanent - 
-core. The fourth word of this communications area contains the 


location, on bulk, at which MODEL must store its result. 


This result storage location must be interpreted by MODEL as- 


follows for each model type. 


Type 0 - Assuming M dependent variables, MODET, must compute 
M+l result values to be stored beginning at the bulk loca- 


tion specified at OPOMOD+3. 


The first value (Y) is the value of the objective func- 
tion. The remaining M values are dependent (constraint) 


variable values. 


This rule applies to Model types 1 and 2 when they are 


called with the model type flag set to Zero. 
All the result values must be double precision. 
YLOC+0 


+2 


+4, 


MZ~-6-1 en ee a i rr K-22 


Type 1 ~ Assuming M dependent variables MODEL must compute 
M+] result values to be stored beginning at the bulk loca- 


tion specified at OPOMOD+3. 


The results for a type 1 MODEL are partial derivatives | 
of the Mtl dependent variables and the objective function 
with respect to the independent variable specified in JMODL 


at OPOMOD+4. 


All result values must be double precision. 


YLOC#+O 


Type 2- A type two MODEL may be used only when the whole LP 


Matrix will fit in core. 


If the active part of the problem has N independent and 
M dependent variables, and the users OPO system has MATSIZ » 
‘words available for matrix storage then the matrix will fit 


core ifs. 


(64+2N) (44M) <MATSIZ 


 MZ-6-1 2 we ha gt RL 


A type 2 MODEL must compute N double precision vectors, 


each of length M+l elements. ‘The i th vector is the set of 


partial derivatives of the dependent variables with respect 


_ to the i th independent variable (refer to type 1 above). 


The type 2 MODEL may compute rows and columns only for 


the variables which are active in the problem. 


MZ-6-2 a 


Rent weet tee er eee 


val 


Given the starting location YLOC the MODEL must store 


the matrix as follows: 


YLOC+0 


“+2 
COL 2 
+2 
SKIP 3 ELEM 
—+2M48 
+2M+10 
: cot. 2=: 
+4M4+8 
SKIP 3 ELEM 
+4M416 
COL 3 
+6M+16 . * 
+2(N-1) (M+4) 
+2(N=1) (M44) +2 
+2(N-1) (M44) 42M COL N 


MZ-6-1. 


APPENDIX IL 


OPO SYSTEM LIMITATIONS AND RESTRICTIONS 


MZ-6-1 - Added 11/30/66 


APPENDIX L 


OPO SYSTEM LIMITATIONS AND RESTRICTIONS 


Problem Size 


~ 


“Maximum problem size is one hundred independent ana one hun- 


dred pependenr Gaanies (100 x 100). 


The maximum size problem that can be solved in-core is 
nominally (22°x 22). This can be increased by increasing the 


Matrix work area above the standard 1400 words at assembly time. 


The ratio of trade-off between dependent and independent 
variables is proportional to the ratio of the number of dependent 


variables to the number of independent variables. 


+ 


An /An = NX/NY 
Zz y 
Data Sets and Units 
The maximum number of optimizer data sets per unit is 10. 


These may be up to 5 units in the standard system. This 


may be modified at assembly time. 


There.is one task queue per unit. The number of tasks . 
waiting in a queue is restricted to 16.. This restriction may be 
relaxed at assembly time. 


e 


There may- be one and only one control data set per unit.” 


MZ-6-1l ; ; TT Tye 


Model Restrictions 


A type two model may be used only when the matrix will fit 


in core. Refer to Appendix K. 
Dependent process variables must be continuous. 
Convergence in iterative procedures must be tight. 


All arguments and results are double precision, 
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GLOSSARY 


ACCEPT TASK 


ACTIVE 
VARIABLES 


i 
COMMAND 


CONTROL 
DATA SET 


DEPENDENT 
VARIABLES 


EDITING 


EXTERNAL 
FUNCTIONAL 
PROGRAM 


. FILE 
MAINTENANCE 


GLOSSARY _ 


To insert a task into a task queue in preparation 


for execution of the task. 


s 


The sabset of the independent and dependent vari- 


ables which is to be considered in solving a par- 


ticular model. 


A statement specifying an action to be performed on 


a data set. 


A data set which is .being used to control the process 


a 


with which the unit is associated. There can be 


only one control data set in a unit. 


The set of variables whose value is determined by 


the value of the independent variables. 


A scheme by which limits are applied to quantities 
input to a data set. The purpose of editing is to 


detect possible errors. 


Any functional program that is not incorporated in 


the OPO. 


The process of loading, modifying, or deleting data 


a 


sets by means of a set of commands grouped under the 


heading of file maintenance. 


IMPLICIT 
VARIABLES 


INDEPENDENT 
VARIABLES 


OPTIMIZER 
DATA SET 


MOVE 


OPO 


RECOMMENDED 
POSITION 


MODEL 


SOLVE 


tion. 


The set of variables whose value is in part determined 
by itself. These variables are represented in the | 


independent and dependent sets. 


The set of variables which may be changed by OPO in 


the optimization process. 


Data needed to optimize process. A collection of 
vectors (costs, targets, etc.) plus. an LP matrix. 


} 


ene ee 


Sees : ; 


The process of generating a recommended plant posi- 
A move includes a series of steps. from a 
starting position to the optimum (recommended) posi- 


tion. Each step is made by solving an LP. 
Online Process Optimization. 


A set of values of the independent variables which, 
according to the results of a solve, will yield an > 


optimum value of the payoff. 


A user supplied functional program which computes 


a set of values for the dependent variables when — 


-given values of the independent variables. _| 


- 


To generate for a Unit, by means of making a move z 
a new recommended position. Optional reports may: 


be printed by the solution process. _ 


START © 
POSITION 


STEP 


LARGET 


TASK 


TASK QUEUE 


LEST 


DATA SET 


UNIT 


UNIT COMMON 


VECTOR 


j 


A set of values of the independent variables which 
the user wants to use as a starting point for a 


solve. 


‘The alteration of the recommended position made by 


solving an LP on a small region of the solution 


space which is treated as being linear. 


A vector of values which are desirable for the in- 


dependent or dependent variables. 


A string of commands applying to one data set in 


one unit with an associated priority. Delimited by 


begin and end task commands. 


A list of tasks waiting to be serviced. There is 
a separate queue for each unit. Queues are ser- 
viced according to priority of highest priority 


task waiting in queue. 


An optimizer data set which is not being used to con- 


trol the process. A unit in test mode. 


ee 


A set of optimize data sets which pertain to a sin- 


gle process (real or not) being controlled. 


A set of vectors common to all optimizer data sets in 


a unit including variable labels and editing vectors. - 


A set of related quantities which apply to each of 


the independent or dependent variables. 
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